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Abstract

This paper investigates the impact and the transmission of uncertainty regarding the future
path of government finances on economic activity. | first employ a data-rich approach
to extract a novel proxy that captures uncertainty surrounding public finances, which |
refer to as sovereign uncertainty, and demonstrate that the estimated measure exhibits
distinct fluctuations from macro-financial and economic policy uncertainty indices. Next,
| analyse the behaviour of sovereign uncertainty shocks and detect the presence of
significant and long-lasting negative effects in the financial and macroeconomic sectors
using state-of-the-art identification strategies, within the context of a Bayesian vector
autoregression framework. | show that a shock to sovereign uncertainty differs from a
macro-financial uncertainty shock originating from disturbances in the private sector
—while the former persistently dampens the economy in the medium run, the latter displays
a short-lived response in real activity. Lastly, | study the role of sovereign uncertainty in a
New Keynesian dynamic stochastic general equilibrium model augmented with recursive
preferences and financial intermediaries. | find that a sovereign uncertainty shock in the
model is able to capture the empirical slowdowns in economic aggregates if monetary
policy decisions are directly influenced by the shock. The model also emphasizes the
importance of financial frictions in transmitting the effects of sovereign uncertainty shocks
and highlights the minor role played by nominal rigidities.

Keywords: sovereign uncertainty index, government finances, economic activity, event-
based identification, Bayesian VARs, non-linear DSGE models.

JEL classification: C32, E32, E44, E60.



Resumen

Este trabajo investiga el impacto y la transmision de la incertidumbre en torno a la senda
futura de las finanzas publicas sobre la actividad econémica. En primer lugar, se emplea
un enfoque rico en datos para extraer un nuevo indicador que captura la incertidumbre
en torno a las finanzas publicas, al que se denomina «incertidumbre soberana», y se
demuestra que la medida estimada presenta fluctuaciones diferentes con respecto a los
indices de incertidumbre macrofinancieros y de politica econémica. A continuacion, se
analiza el comportamiento de las perturbaciones de incertidumbre soberana y se detecta
la presencia de efectos negativos significativos y persistentes en los sectores financieros
y macroecondémicos mediante la utilizacion de métodos de identificacién de vanguardia,
dentro del contexto de los modelos autorregresivos bayesianos. Se demuestra que una
perturbacién de incertidumbre soberana produce unos efectos diferentes a los generados
por una perturbacion de incertidumbre macrofinanciera que se origina en el sector
privado —mientras que la primera afecta persistentemente a la economia a medio plazo,
la segunda muestra una respuesta de corta duracion en la actividad real—. Finalmente, se
estudia el papel de la incertidumbre soberana en un modelo neokeynesiano de equilibrio
general dinamico y estocdastico ampliado con preferencias recursivas e intermediarios
financieros. Se encuentra que una perturbacién de incertidumbre soberana en el modelo
es capaz de capturar los efectos empiricos si las decisiones de politica monetaria estan
directamente influidas por la perturbacién. El modelo también destaca la importancia
de las fricciones financieras en la transmision de los efectos de las perturbaciones de
incertidumbre soberanay resalta el menor papel desempefado por las rigideces nominales.

Palabras clave: indice de incertidumbre soberana, finanzas publicas, actividad econémica,
identificacion basada en eventos, VAR bayesiano, modelos DSGE no lineales.

Codigos JEL: C32, E32, E44, E60.



1 Introduction

Since the aftermath of the Great Recession, the solvency of several European govern-
ments has again become the focus of attention among economists and policymakers. This
situation has resulted in an increase in uncertainty about the outlook for public finances.
For example, during the height of the sovereign debt crisis, Spain, Ireland, Portugal and
Greece had to implement unprecedented economic programs in order to alleviate large
fluctuations of the bond yield spreads, the high structural deficits and the considerable
levels of debt. While a large and growing body of literature has focused on the conse-
quences of overall uncertainty in business cycle fluctuations, evidence on the effects of
uncertainty originating from disturbances in the public finances has received less discus-
sion.!

In this paper, I contribute to the analysis of the transmission of uncertainty associated
with government policy on economic activity. Firstly, I propose a new uncertainty in-
dicator for public finances, which I refer to as sovereign uncertainty, by exploiting the
high-information content of the forecasting methodology in Jurado et al. (2015). The ben-
efit of using this framework is that changes in sovereign uncertainty capture whether the
outlook for government finances has become more or less predictable, and not whether
it has become more or less volatile. Moreover, in this approach sovereign uncertainty is
a measure of the common variation in uncertainty across a large number of series that
affect several aspects of the public finances simultaneously. Secondly, I employ Bayesian
vector autoregression (BVAR) techniques to analyze the effects of sovereign uncertainty
shocks on key macroeconomic and financial aggregates. These are identified through var-
ious identification strategies — recursive schemes and a combination of sign, event-based
and ratio restrictions. Finally, I introduce an approximation for sovereign uncertainty in a
New Keynesian dynamic stochastic general equilibrium (NK-DSGE) model with recursive
preferences and financial intermediaries to rationalize the empirical results.

I conduct this study using Spanish data. In fact, Spain is an economy where the lack of
discipline in public finances has been a longstanding issue (see BAE, 2006) and, therefore,
the sovereign debt crisis was likely not a unique instance of concern regarding govern-
ment uncertainty.? In order to obtain the sovereign uncertainty index, I use a sample of 31
government-related variables and 87 macro-financial time series. In particular, the former
dataset embodies series on bond rates, securities, loans, revenues, expenditures and taxa-
tion. The macro-financial series encompass data on industrial production, prices, foreign
trade, wages, raw materials, surveys, interest rates, exchange rates, credit and private
equities. I use the combined datasets to estimate the forecasting model, but calculate
sovereign uncertainty only from the aggregation of each individual uncertainty estimate
associated with the public finance series. Sovereign uncertainty is then defined as an ag-

gregate proxy that conveys a set of 31 government-related individual uncertainty indices
from May 1997 to December 2019.

The estimated measure of sovereign uncertainty, denoted SU subsequently, identifies im-
portant government-related events for the Spanish economy. The most important are

!Bloom (2014), Fernandez-Villaverde and Guerrén-Quintana (2020) and Castelnuovo (2023) are re-
cent surveys on the role played by uncertainty in business cycle fluctuations.

20ther economies such as Greece or Italy are also informative cases of public uncertainty in recent
times. However, in comparison with Spain, lack of (i) a large enough number of government finances
indicators and (i7) a long time-span makes the choice of these countries questionable.
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those related to the concerns prior to joining the European monetary union; the Spanish
involvement in Iraq, which implied the use of a sizable amount of public resources to
finance the military intervention; the global financial crisis; the Euro Area debt crisis;
and the upward trend in sovereign uncertainty from 2015 to 2017, associated with politi-
cal uncertainty given the difficulties of forming a stable government after two consecutive
elections and, consequently, this entailed a freeze in the budget. Furthermore, I show that
SU clearly exhibits independent variations from the economic policy uncertainty (EPU)
indicator developed by Baker et al. (2016), as well as from macro-financial uncertainty
(MU) originating from disturbances in the private sector, computed again with the Ju-
rado et al. (2015) approach.? The difference between the SU index and both the EPU
and MU is sizable. The correlation between SU and EPU is only 0.06 for the full sam-
ple. This divergence may arise either from the fact that coverage of political events has
not always resulted in increased difficulty to predict the path of government finances, or
from the fact that EPU does not explicitly control for a deterioration in expectations of
the mean economic outcome when volatility increases, potentially conflating uncertainty
shocks and confidence shocks. On the other hand, while SU and MU present a common
spike at the height of the Great Recession, MU does not display any other episodes of
heightened uncertainty captured by SU.

Next, according to my BVAR analysis, shocks to sovereign uncertainty that are identified
through both recursive orderings and a combination of sign, event-based and ratio re-
strictions lead to economically and statistically significant declines in economic activity,
and point to deflationary pressures. First, relative to the recursive identification, I argue
under which conditions SU shocks can be considered as unable to contemporaneously
respond to developments in the economy and vice versa, showing that the results are ro-
bust in both circumstances and, additionally, to an extensive battery of recursive-based
robustness checks. Second, the mix of sign, event-based and ratio restrictions confirms,
in general, the validity of the previous findings. In this case, I jointly identify a sovereign
uncertainty shock and a macro-financial uncertainty shock. An interesting finding here
is that the effects of these two sources of uncertainty are different — while SU shocks
persistently perturb the economy in the medium-run, the impact of MU shocks on real
activity is short-lived. Again, I check the robustness of these results by considering other
prior beliefs about the narrative of both shocks and accounting for potential omitted
variables in the baseline vector of agents’ information.

In the theoretical section of the paper, the starting point is a canonical New Keynesian
DSGE model augmented with financial intermediation as in Gertler and Karadi (2013)
and Epstein-Zin (EZ) preferences. In the extended framework, banks hold government
bonds. I explicitly model the real interest rate on these bonds as the sum of return on
a perpetuity and an exogenous additive term which is subject to a stochastic volatility
shock. The latter is an approximation of a sovereign uncertainty shock. This interpretation
follows the extraction of the empirical measure of sovereign uncertainty where the time-
varying volatility components are computed by employing an AR(1) stochastic volatility
model. Hence, the way I model uncertainty in both parts of the paper is based on the
same assumptions. This also allows for a shock to the second moment that is independent

3Meinen and Réehe (2017) and Redl (2018) already compute a measure of (overall) macroeconomic
uncertainty for Spain and other European countries. I compute it here (given my macro-financial dataset)
for comparative reasons, particularly, to show that sovereign uncertainty displays autonomous fluctua-
tions from macro-financial uncertainty arising from disruptions in the private sector.
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of the first moment. In addition, the model is solved by a third-order perturbation method
(see Fernandez-Villaverde et al., 2011 and Basu and Bundick, 2017) and estimated by
matching model’s moments with corresponding moments from the data.

The main finding here is that the proposed theoretical model captures the empirical
slowdown in output, investment and hours worked following a SU shock and, in a lower
proportion, it also accounts for the decline in consumption and bank lending while being
consistent with the data moments and the empirical path of sovereign uncertainty after
the shock. I also find that lack of reaction by the monetary authority when a SU shock
hits the economy is crucial to fully reconcile, in magnitude, empirics with theory. One
interpretation of the empirical results in the DSGE model is that, after a SU shock, the
price of government bonds decline as it now becomes riskier to hold them as banks are
exposed to larger fluctuations in the real return on government bonds (either negative or
positive). At the same time, heightened sovereign uncertainty affects banks’ expectations
on firms’ claims also causing a fall in the relative price of private capital. The drop in asset
prices pulls down bank net worth. Consequently, banks’ ability to lend to firms is severely
limited since their credit capacity is directly tied to their net worth. Therefore, lack of
sufficient bank credit creates scarcity of capital for firms and restricts real economic
activity. Moreover, this theoretical framework emphasizes the importance of financial
frictions in explaining and transmitting the effects of sovereign uncertainty shocks and
highlights the minor role played by nominal rigidities.

My paper relates to several strands of literature. Empirically, I build on the insights of
Jurado et al. (2015) and apply their ideas to the measurement of sovereign uncertainty.
Born and Pfeifer (2014), Fernandez-Villaverde et al. (2015) and Mumtaz and Surico
(2018) analyze the effects of second-moment shocks to fiscal and monetary policy, gen-
erally finding moderately negative impact on economic activity.? In particular, Born and
Pfeifer (2014) show that effects of uncertainty about future tax liabilities, government
spending, and monetary policy are limited because their shocks are small and lack suf-
ficiently persistency, whereas Fernandez-Villaverde et al. (2015) report that only a two
standard deviation fiscal volatility shock to the capital income tax rate is able to gener-
ate a relevant economic impact. Mumtaz and Surico (2018) argue that solely uncertainty
about government debt has significant impact on real activity. A crucial difference with
respect to these papers is that my government-related uncertainty measure is based on a
high-information content approach and therefore, is intended to capture several aspects of
the public finances simultaneously. In fact, the exclusion of this feature could potentially
be the reason behind the minor role that their policy uncertainty shocks play in busi-
ness cycle fluctuations. Another example focusing on policy uncertainty is Baker et al.
(2016). In this influential work, the authors exploit information contained in newspapers
to extract aggregate and policy-specific uncertainty indices for the U.S., as well as ag-
gregate policy uncertainty measures for 11 other countries, and note a large detrimental
impact of economic policy uncertainty. However, as argued before, their approach does
not control for a worsening in expectations of the mean economic outcome when volatil-
ity rises, possibly combining confidence shocks (first moment) and uncertainty shocks

(second moment).

On the theoretical side, this paper first speaks to a large body of literature examining
the effects of uncertainty on the macroeconomy. In his seminal article, Bloom (2009)

4See also Mumtaz and Zanetti (2013), which preceded the study of Mumtaz and Surico (2018) and
formed the basis of it.
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demonstrates through building a model with time-varying second moments that un-
certainty shocks generate sharp recessions and recoveries. Fernédndez-Villaverde et al.
(2011) show why an increase in the volatility of the real interest rate at which emerging
economies borrow can result in important drops in macroeconomic aggregates. Leduc
and Liu (2016) and Basu and Bundick (2017), as well as Born and Pfeifer (2014) and
Fernandez-Villaverde et al. (2015), contribute to this theoretical literature by investi-
gating the channels under which uncertainty shocks propagate into a New Keynesian
economy without financial intermediaries. Regarding the inclusion of a banking sector,
several authors are also concerned with the magnifying effects of financial frictions on
the real economy after the occurrence of an uncertainty shock, including Christiano et al.
(2014), Gilchrist et al. (2014) and Bonciani and van Roye (2016). However, I focus on
the transmission of uncertainty about the outlook for public finances and the previous
studies investigate the pass-through of overall uncertainty shocks under different banking
frameworks.

Finally, this work also links to several theoretical papers in the literature on sovereign
default risk (see Uribe, 2006; Arellano, 2008; and Bi, 2012). The closest study related to
my theoretical section is Bocola (2016). He examines the effects of shocks to (perceived)
sovereign default risk on economic activity through financial intermediaries. In particular,
he analyzes two different but complementary channels (liquidity and risk) under which
a rise in the probability of default transmits into the financial and real sectors of the
[talian economy. In contrast, I do not focus on the probability of default; instead, I
distinguish between first and second moment shocks via stochastic volatility (consistent
with my empirical section). Second, the main objective of my theoretical exercise is to
show whether a New Keynesian DSGE model with financial intermediation can effectively
match the empirical evidence of an uncertainty shock originating from changes in the
public financial sector, and if so, what are the important theoretical assumptions to
achieve it. A third reason, is that the probability of default is normally just modelled
subject to the level of debt in this theoretical literature. On the contrary, this study aims
to capture many aspects of the solvency of a government and can be then used as an
empirical test in the analysis on the adverse effects of governments’ exposure to risks.

The remainder of the paper is structured as follows. Section 2 describes how to extract the
uncertainty indicator for public finances. Section 3 analyzes the effects of the identified
sovereign uncertainty shocks through recursive schemes and a combination of sign, event-
based and ratio restrictions in a BVAR framework. Section 4 contains a NK-DSGE model
with recursive preferences and financial intermediaries to rationalize the empirical results.
Section 5 concludes.

2 Measuring Sovereign Uncertainty

To study the transmission of uncertainty surrounding the public finances of the Spanish
economy, I first define and compute a novel measure by means of a data-rich approach. In
particular, I define a sovereign uncertainty (SU) index as an aggregate proxy that conveys
a large set of government-related individual uncertainty indices. These are computed
based on the econometric methodology in Jurado et al. (2015). The benefit of using this
method is that changes in uncertainty capture whether economic conditions have become
more or less predictable, and not whether they have become more or less volatile. This
framework implies that any type of uncertainty (e.g. macroeconomic, financial or trade) is
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not equal to uncertainty in any single time series, but requires the existence of a common
variation in uncertainty across a large number of time series. Moreover, common variation
in uncertainty is critical because if the variability of an idiosyncratic shock was purely
idiosyncratic, it would have no impact on macroeconomic developments. Accordingly, a
measure of sovereign uncertainty would also need to entail uncertainty fluctuations that
affect several aspects of the public finances of a government at the same time.® In what
follows, I present a brief description of the key equations. For further details, I refer the
reader to Jurado et al. (2015) and references cited therein.

2.1 Econometric Approach

Formally, let Ely;;+1]|;] be a forecast for each individual time series included in the
following factor augmented forecasting model:

Yierr = &Ly + 7T (L) E +A9(0)Ge + 1Y (L)W, + Y1, (1)

where ¢¥(L), v (L), 75 (L) and ~;" (L) are finite-order polynomials; F} is a set of potential
factors drawn from the original data set; GG; entails a set of potential factors drawn from
the squares of the original data set; and W; is comprised of squares of the first principal
component in F}. The selected factors Ft and @t are based on their incremental predictive
power for each y;; by using the information criterion in Bai and Ng (2002).6

The one-step-ahead prediction error of y;,1 and of each selected factor exhibits time-
varying volatility. For each forecast error, time-varying volatility is computed by employ-
ing an AR(1) stochastic volatility model which allows for a shock to the second moment
that is independent of the first moment, consistent with theoretical models of uncertainty
(see Fernandez-Villaverde et al., 2011; Born and Pfeifer, 2014; Fernandez-Villaverde et al.,
2015; and Basu and Bundick, 2017). Then, uncertainty associated with the variable y;, at
forecast horizon h, denoted as U;;(h), is defined as the conditional volatility of its purely
unforecastable component of the future value of the series:

Uja(h) = \/E[(ern — Elyssal L)1) (2)

where the expectation E(:|];) is taken with respect to the information I, available to
economic agents at time t. If the expectation today of the squared forecast error rises,
uncertainty in the variable increases. As my sovereign uncertainty proxy is a measure of
the common variation in uncertainty across many time series related with the Spanish
public finances, the index is then constructed by taking an average of U;,(h) across all
time series:

N
. 1
Ut(h) Epl@mN_wo E NUj’t(h). (3)
i=1

This is based on equally weighting the individual uncertainty estimates.

5Tt is important to remark that sovereign uncertainty is not the same as disagreement about future
fiscal policy. A good example is Ricco et al. (2016). Their disagreement measure based on professional
survey forecasts may reflect differences in opinion rather than of uncertainty. In fact, they show that
their measure does not correlate with the aggregate index of Baker et al. (2016) or with its individual
sub-components.

6Bai and Ng (2002) propose a t-test with a threshold value of t = 2.575.
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2.2 Dataset

I apply the previous framework to Spain using a sample of 31 government-related variables
and 87 macro-financial time series. I use the combined dataset to estimate the forecasting
factors, but calculate sovereign uncertainty only from the individual uncertainties in the
public sector time series. I have conducted further investigations (results available upon
request) and find that the estimated sovereign uncertainty indicator does not significantly
change with or without including the macro-financial dataset in the forecasting model.
Yet, I opt for including it since this provides an estimate of macro-financial uncertainty
(MU) arising from disruptions in the private sector that I can directly compare with the
SU index, and study the differences and similarities of both measures.

I employ monthly data from January 1997 to December 2019 (I also consider an exten-
sion that includes the COVID-19 pandemic up to April 2022). The datasets cover a broad
spectrum of series: (i) the government-related dataset embodies series on bond rates, se-
curities, loans, revenues, expenditures and taxation, for different maturities and owners
where appropriate; (i7) the macro-financial series encompass data on industrial produc-
tion, prices, foreign trade, wages, raw materials, surveys, interest rates, exchange rates,
credit and private equities. All data are fetched from the Statistical Data Warehouse
(SDW), Haver Analytics or Datastream.” In general, interest rates and exchange rates
are used as levels, survey data is transformed into first differences, and for all other series
first (log) differences are applied. A detailed description of data sources and definitions
is listed in Appendix A.1.

2.3 An Estimate for Sovereign Uncertainty

Figure 1 depicts the estimated one-month ahead measure of sovereign uncertainty.®° It
can be observed that the proxy matches important government-related events for the
Spanish economy:

e Prior to joining the European monetary union (EMU), Spain faced a period of sovereign
uncertainty (which in fact was not captured by macro-financial uncertainty). At this
time, there were concerns about the success of the monetary integration, in particular
for economies with weak tradition of macroeconomic discipline (see BAE, 2006).

"There are few exceptions. See Appendix A.1 for further details.

81 have verified that the sovereign uncertainty index remains unchanged when substituting govern-
ment bond rates at different maturities for their spreads (with respect to Germany) in the government
finances dataset (see Figure 11 in Appendix A.2). This result holds across all considered maturities (1, 5,
and 10 years). I only observe a minor difference when incorporating all spreads at the same time — the
spike during the European debt crisis is slightly more pronounced. This feature reinforces the benchmark
SU indicator. Appendix A.2 also reports the 12-months ahead sovereign uncertainty (see Figure 12). It
can be noticed that the variability of sovereign uncertainty decreases as the prediction horizon tends to
infinity. Nevertheless, the main events are still matched and several of them reinforced given that the
spikes on those episodes are larger.

9Figure 13 in Appendix A.3 exhibits the benchmark measure of sovereign uncertainty together with
two sub-indices: its price and quantity components. While the former includes uncertainty price-based
series from the public finances dataset, the latter follows a similar logic regarding quantity-based indica-
tors. The price-based component is computed by using 10 public series (out of the 31 government-related
variables) and the quantity-based component by employing 21. See Appendix A.1 for data description.
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e In 2003, the Spanish involvement in Iraq implied the use of a sizable amount of public
resources to finance the military intervention. The estimated index also presents this
situation as a period of heightened sovereign uncertainty.

e Considering the Great Recession, one can detect the presence of a significant positive
spike. This event has been shown as the combination of many factors, and is therefore
displayed by both sovereign and macro-financial uncertainties.

e Shortly after the start of global financial crisis in 2008, the spreads on sovereign debt
of many eurozone economies (compared with Germany) began climbing and peaked
during the Euro Area debt crisis. To put things into perspective, the spread on one-
year Spanish bonds during the height of Euro Area debt crisis was around 350 basis
points which was 14 times its mean value of 25 basis points (average over the years
1997-2010). Therefore, as Figure 1 reveals, this span constituted another great episode
of uncertainty about the outlook for public finances.

e After a lengthy economic downturn from 2008 to 2013, the Spanish economy also
experienced other uncertainty episodes. Concretely, we witnessed an upward trend
from 2015 to 2017 in sovereign uncertainty, peaking when Spain faced serious concerns
to form a government after two consecutive elections. This led to a freeze in the budget
and uncertainty surrounding the public finances rose.

One might think that sovereign uncertainty is simply capturing the same uncertainty
episodes compared to macro-financial or economic policy uncertainty indicators. However,
I show in Figure 1 that this is not the case.!” It can be seen that SU and MU only coincide
at the spike of the Great Recession in 2008-2009. In fact, the correlation between these two
measures is just 0.06 prior to the global recession. Moreover, even after 2008, particularly
during the European debt crisis, the narrative also diverges: MU captures two important
peaks in July 2010 and August 2012, while SU exhibits just one main episode in December
2011.1

Figure 1 also displays the economic policy uncertainty index (EPU) developed by Baker
et al. (2016). The correlation between SU and EPU is just 0.06 for the full sample. This
indicates that sovereign uncertainty clearly exhibits independent variation from economic
policy uncertainty. This divergence may arise either from the fact that coverage of political
events has not always resulted in increased difficulty to predict the path of the govern-
ment finances, or from the fact that EPU does not explicitly control for a deterioration
in expectations of the mean economic outcome when volatility increases, potentially con-
flating uncertainty shocks and confidence shocks.'? Nevertheless, it is important to stress

10T also provide SVAR evidence in Section 3, where I show that SU and MU shocks produce notably
different responses in most of the financial and macroeconomic variables.

" The correlation for the full sample is 0.61. However, further investigation reveals that if the period
20082009 is excluded (by introducing a dummy variable that takes a value of one for the period 2008—
2009 and zero otherwise) the correlation again falls considerably. Consequently, one can notice that only
the short span 2008-2009 is responsible for that difference.

12Figure 14 (Appendix A.4) also reports the economic policy uncertainty index (EPU) developed by
Ghirelli et al. (2019). This paper refines the index by Baker et al. (2016) in several dimensions: they
expand the headline newspaper coverage from 2 to 7 and use a much richer set of keywords to form
the search expressions. The correlation between SU and their EPU is still very low at —0.04 (and not
significant) for the full sample. Again, this implies that sovereign uncertainty manifests autonomous
variation from economic policy uncertainty.
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Figure 1: Sovereign Uncertainty, Macro-financial Uncertainty, and EPU

Note: The solid-blue line indicates the one-month ahead uncertainty surrounding the public finances of
the Spanish economy; the dash-dot-orange line represents macro-financial uncertainty; and the dotted-
yellow line exhibits the economic policy uncertainty index from Baker et al. (2016). All measures are
standardized.

that both indicators feature elevated uncertainty episodes during the attempts to form a
government and the Spanish intervention in Iraq.'3

Finally, I also consider an extension that includes the COVID-19 pandemic. Figure 2
displays the SU and MU indicators up to April 2022. As can be seen, the spike in MU
after the COVID-19 crisis hit the economy is substantial, but the dynamics of the SU
measure are entirely different. In 2009-2013, the government deficit was between 6%-9%
of GDP, and government debt fluctuated between 50% and 100%. In the post-COVID
period, the public deficit was between 7%-10% of GDP, and government debt was between
100%-125%. However, as Figure 2 shows, similar trends in public finances did not give rise
to similar concerns about sovereign risks. In other words, the economy did not experience
significant sovereign uncertainty in the post-COVID sample relative to macro-financial
uncertainty originating from disruptions in the private sector.!4

13The elevated episode in EPU during the course of 2016 is mainly driving by the Catalan crisis. At
this time, Spanish newspapers were reporting daily on the tensions between the central government and
the Catalan analogue. This is why high spikes in the EPU index can be observed. On the contrary, the
peak in SU is less pronounced. This indicates that the Catalan dispute was not transmitted to the public
finance concerns as much as the EPU index reflects, nor to the macro-financial uncertainty.

1] thank one referee for the argument in this paragraph.
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Figure 2: Sovereign Uncertainty and Macro-financial Uncertainty: Including
the COVID-19 Pandemic

Note: The solid-blue line indicates the estimated sovereign uncertainty; and the dash-dot-orange line
represents macro-financial uncertainty. Both measures are standardized.

3 The Macroeconomic Effects of Sovereign Uncertainty
Shocks

I now explore the effects of sovereign uncertainty shocks on macroeconomic aggregates
using Bayesian vector autoregression (BVAR) methods. I consider a number of alternative
identification schemes. In particular, I detail potential recursive orderings and provide
robustness evidence. Next, I describe reliable set-identification techniques based on a
combination of sign, event-based and ratio restrictions (a la Rubio-Ramirez et al., 2010;
Antolin-Diaz and Rubio-Ramirez, 2018; and Ludvigson et al., 2019).

3.1 VAR Model

The benchmark VAR specification is as follows:

p
Yy = Co + Z /Qkyt—k: + €, € ~ N(Oa Q)7 (4)

k=1

where ¢j is a constant, y; stands for the vector of endogenous variables and ¢, is a Gaus-
sian white noise with covariance matrix (). I employ Bayesian techniques to estimate
the model. Specifically, I use a conjugate Normal-inverse Wishart prior, assuming that
vec(B) = (co, By - .., Bp) is normally distributed and that () has an inverse Wishart dis-
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tribution.'® The overall prior tightness is set to 0.10 and the prior on the intercept to
100. These values are standard in the literature.

I use Spanish monthly data in log-levels for all variables except those expressed in rates
(see Appendix A.1.3 for data description). The sample is from May 1997 to December
2019 and the baseline model features nine lags.'® The starting and ending dates are
determined by the availability of the sovereign uncertainty measure and the presence of
substantial instability in the data due to the COVID-19 pandemic (see subsection 2.2).

Recursive schemes. I first identify the shocks recursively based on a Cholesky decompo-
sition of the variance-covariance matrix of the reduced-form residuals. The observables are
(in this order) the stock market index (IBEX-35), bank loans, price level, unemployment
rate, industrial production, 10-years government bond rate, public debt and sovereign
uncertainty. While the extant literature has debated the exogeneity /endogeneity of un-
certainty measures — Ludvigson et al. (2019) find that financial uncertainty is exogenous
and macroeconomic uncertainty is not, whereas Carriero et al. (2018) claim the opposite
— these studies are actually referring to other types of uncertainty with respect to the one
considered here. My chosen recursive identification scheme is motivated by following the
theoretical literature on sovereign risk where concerns about the sustainability of a gov-
ernment are often treated as endogenous drivers (see Uribe, 2006; Arellano, 2008; and Bi,
2012).17 By ordering sovereign uncertainty last, I am able to model the possibility of other
shocks in the system contemporaneously affecting the dynamics of sovereign uncertainty
shocks. Nevertheless, I also test the assumption that macroeconomic uncertainty can be
considered as a more exogenous component of the economy, and hence, ordered first.
This recursive ordering will also permit the clear isolation of the economic mechanisms
driving the propagation of sovereign uncertainty in the theoretical model. To empirically
motivate this exogeneity one could rely on Longstaff et al. (2011) who investigate credit
default swaps for 26 economies and find that country spreads are driven more by forces
exogenous to the economy than the local forces. Further support for this position comes
from Uribe and Yue (2006) who show that innovations exogenous to the local conditions
can explain up to two-thirds of movement in country spreads. To be clear, these two pa-
pers do not focus on sovereign uncertainty, but investigate how different factors (internal
or external) affect a specific component of the public finances. However, I consider both
studies able to provide some validation for the potential exogeneity of the government’s
exposure to risks.'®

15The Normal-inverse Wishart prior takes the following general form:

vec(B)|Q ~ N (vee(B),Q @ @)
and
Q~IW(S,a),

where B, ®, S and ¢ are functions of hyperparameters.

16The literature normally chooses twelve lags for monthly data. Nevertheless, results are robust to
reasonable variations of the number of lags in the VAR framework.

ITHowever, it is important to stress that my measure of sovereign uncertainty is aimed to capture
several aspects regarding the public sustainability of a country, whereas the theoretical literature on
sovereign risk mainly focuses on the probability of default which normally just depends on the level of
debt or/and productivity. In other words, we are not exactly measuring the same concepts but they can
be potentially linked.

18Exogenous elements might relate to risk appetite which may change independent of how the public
finances of a particular country evolve, while endogenous would reflect developments in the government
finances.
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Sign, event-based and ratio restrictions. Set-identified methods have become a pop-
ular and relevant alternative to the recursive approach (see Faust, 1998; Canova and Ni-
colo, 2002; Uhlig, 2005; Rubio-Ramirez et al., 2010; Mumtaz and Zanetti, 2012; Antolin-
Diaz and Rubio-Ramirez, 2018; and Ludvigson et al., 2019, among others). While recur-
sive schemes are justified by economic theory in some cases, they are often inconsistent
with theoretical models. The literature on set-identified restrictions proposes to employ
prior information on the signs of the impact of certain shocks, combined with narrative
and ratio constraints, which is normally extracted from DSGE models and /or specific eco-
nomic events that have altered the dynamics of the economy. This leads to set-identified
responses which are only based on imposing weak assumptions at the considered timing.
Therefore, identification is less restrictive than that achieved through the traditional ap-
proach of a recursive ordering of the variables that implicitly involves the knowledge of
the timing of each variable to all shocks in the system.

In order to transform the reduced-form errors, ¢;, into fundamental innovations, e; = Ae,
it is necessary to place theoretical restrictions to recover the structural shocks. Following
Rubio-Ramirez et al. (2010) for the case of sign restrictions, the procedure is to (i) obtain
the estimates of the reduced-form elements B and Q); (ii) orthogonalize the innovations
using a Cholesky decomposition and compute the consequent impulse responses; (ii7)
draw a matrix P from a @QR-decomposition of a random standard normal matrix such
that A = AP, where AA’ = Q; and (iv) check whether the imposed signs are matched
on the impulse responses (calculated with the ones obtained in the second step and P).
If these are not fulfilled, redraw P until they are met. In addition, the inclusion of event-
based (narrative) restrictions requires that the structural shock series is constrained on
particular dates. Then, following Antolin-Diaz and Rubio-Ramirez (2018) and Ludvigson
et al. (2019), the draws are just kept if the narrative is satisfied.

Previously, I have justified the differences between the SU and MU measures by showing
the time series were different. Moreover, I will show that the inclusion of macro-financial
uncertainty originating from disturbances in the private sector does not erase the effects of
SU shocks under recursive identification schemes. But do the impulse response functions
(IRFs) to shocks to both indices look different? If the two measures are really capturing
different things, then, the responses should differ in the structural VAR setting. Conse-
quently, I jointly identify a sovereign uncertainty shock and a macro-financial uncertainty
shock by considering the following prior information:

e First, I implement simple and agnostic sign restrictions: SU shocks (MU shocks) rise SU
(MU) for the first nine months.'® The signs of the responses for other macroeconomic
and financial variables remain agnostic.

9Tn practice, the half-life of sovereign uncertainty is estimated to be around 18 months (based on
estimates from a univariate AR(1) model for the series) and 41 months for macro-financial uncertainty.
Consequently, this can justify the election of the minimal sign restrictions during 9 months. Further
investigations (available from the author upon request) reveal that when the range is diminished to
six months or augmented to twelve months, the responses are consistent with the original findings. In
particular, when I consider spans longer than nine months, the previous results are reinforced. In this
case, it implies that the economy simply responds as if a larger temporary shock had occurred. This
corroborates the findings in Bloom (2009), Fernandez-Villaverde et al. (2011) and Basu and Bundick
(2017), where uncertainty is also explored as a large temporary phenomenon.

BANCO DE ESPANA 1 7 DOCUMENTO DE TRABAJO N.° 2423



e [ add now the following event-related (narrative) and ratio constraints:

(a) Motivated by the Spanish involvement in Iraq, which implied the use of a sizable

amount of public resources to finance the military intervention, SU shocks are
required to be positive in the aftermath of the Iraq war (March-April 2003); and

negative in April 2004, where the Prime Minister of Spain pulled Spanish troops
out of Iraq. In contrast, MU shocks are non-positive in March-April 2003. The
choice of this narrative is driven by two crucial reasons: (¢) following Ramey and
Shapiro (1998) and Ramey (2011), the presence of this war in the SU index creates
an event that is exogenous to the current state of the economy; and (i7) one can
notice that the SU index rises during this narrative and it declines for the case of
MU.?° As it is displayed in Figure 3, this is evident for each uncertainty indicator
at short and long forecasting horizons. Therefore, the aforementioned narrative
imposes the minimum restrictions required to identify these two shocks.

(b) MU shocks must be positive during the Lehman Brothers’ collapse (September
2008). This episode triggered uncertainty in the U.S. economy and it propagated
to the Euro Area and the rest of the world.?!

(¢) SU and MU shocks are positive in June 2012. This is an interesting event be-
cause it represented the moment when the European Stability Mechanism (ESM)
made available to Spain up to €100 billion in assistance (it is important to note
that the country only needed €41.3 billion). Interestingly, this financial support
was counted specifically as further sovereign debt. Thus, it could had directly
affected the stability of its public finances.?? If one follows the decomposition of
uncertainty by Rossi et al. (2016), we could see a scenario where markets first
experience low sovereign Knightian uncertainty but a high risk of default because
turmoil is market-driven. Then, when the ESM financial package arrives, the risk
of fragmentation in the Euro Area disappears but sovereign Knightian uncertainty
increases due to the political process of determining the terms and conditions of
the assistance.

(d) Finally, SU (MU) shocks produce, upon impact, a response of the SU-MU ratio
above (below) one. The rationale is that events inducing sovereign uncertainty
may also increase macro-financial uncertainty, but have larger effects on sovereign
uncertainty itself on impact. As time goes by, the SU-MU ratio is endogenously
determined and, consequently, it is not constrained.?

20Macro-financial uncertainty is normally linked to periods of economic slowdown (see e.g. Jurado
et al., 2015). During the Iraq war episode, the Spanish economy was not in recession according to the
historical archive of the Spanish Business Cycle Dating Committee.

2INonetheless, around this event, there was already a substantial amount of uncertainty in the Spanish
economy due to its housing market crash and the upcoming restructuring of its banking sector.

2ZWhile this constraint in June 2012 could be justified in the case of sovereign uncertainty, I cannot
rule out the possibility that this event also impacted overall economic uncertainty. This is the reason
why I assume that both SU and MU shocks are non-negative during this month.

Z3Ratio restrictions, in general, are also considered in Furlanetto et al. (2019) and Caggiano et al.
(2020).
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Figure 3: Narrative around the Iraq War: ¢t = 0 is March 2003

Note: The figure exhibits the estimated 1-month, 6-months and 12-months ahead uncertainties for both
SU (solid-blue lines) and MU (dash-dot-orange) indices. All measures are standardized.

3.2 VAR Results

In this section, I first examine the findings employing the recursive identification and then
continue with those obtained through sign, event-based and ratio restrictions. Exhaustive
robustness checks for both identification strategies are also explored.

3.2.1 Findings under Recursive Identification

Figure 4 plots the impulse responses to a one standard deviation shock to sovereign
uncertainty in the recursive identification. One can observe that all the variables decline
except unemployment rate and government debt. The impact on the long-term rate is
inconclusive. It seems to fall in the short-run, but it rises over time.?* In detail: industrial
production begins to decline and does not hit the bottom until 15 months later, when
it reaches its lowest value of nearly —0.6%. The stock market index and overall price
level follow similar paths before approaching their lowest points of around —0.75% and
—0.1%, respectively. Bank lending by roughly —1.4%, whereas unemployment rate and
government debt rise, respectively, by around 0.2% and 0.7% at their maximum levels.
These results potentially suggest that an increase in sovereign uncertainty operates as
a negative demand shock. In the theoretical section, I will examine how a sovereign
uncertainty shock can be transmitted to the real economy. Now, I compare my empirical

24T have checked that the benchmark results do not change when substituting the 10-years government
bond rate for its spread with respect to Germany. However, the latter does not react on impact and it
gradually increases over time (see Figure 15 in Appendix A.5.1).
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findings with previous studies on uncertainty shocks. However, it is important to note
that these concern the role of different types of uncertainty and none specifically focus
on sovereign uncertainty shocks.

The rise in unemployment is in line with the theoretical predictions of Leduc and Liu
(2016) following a TFP uncertainty shock. They show that search frictions give rise to a
real option-value effect that is contractionary. This is so given that a job match in their
model represents a long-term employment contract that is irreversible. This follows the
same logic as in the model of irreversible investment outlined in Bernanke (1983), where
agents postpone their investment decisions until business conditions become clearer. The
decline in prices also supports the findings in Leduc and Liu (2016), as well as in Chris-
tiano et al. (2014) and Basu and Bundick (2017). This contrasts with the theoretical
results of Born and Pfeifer (2014) and Fernandez-Villaverde et al. (2015), who find that
policy uncertainty shocks imply an upward pricing bias channel where firms end up set-
ting prices higher than they would otherwise do. Nonetheless, Fernandez-Villaverde et al.
(2015) also show that when the model allows the monetary authority to react to policy
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Figure 4: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Baseline Recursive Ordering

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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uncertainty, the theory matches the observed evidence. Concerning the banking sector,
the drop in lending is consistent with the work of Bonciani and van Roye (2016). They
argue that banking frictions in credit supply amplify the effects of a volatility shock to
households’ preferences on economic activity. The decline in industrial production is rec-
ognized in Jurado et al. (2015) for the U.S. economy, and in Meinen and Roehe (2017)
for Spain, both employing aggregate measures of macroeconomic uncertainty.

Finally, the dynamics of government debt deserve further discussion. Its muted response
on impact and its increase over time reflect the notion that my second-moment shock is
independent of a first-moment shock, such as an unexpected increase in the level of public
debt. As previously asserted, my approach does control for a worsening in expectations
of the mean economic outcome when volatility rises. Within this framework, a shock to
sovereign uncertainty indicates that the level of public debt begins to experience larger
fluctuations in the future. Theoretically, these dynamics could result in either a positive
or negative impact on the level of government debt. However, in my sample, it appears
that SU shocks are associated with future increases, on average, in public debt. Put differ-
ently, the prevailing uncertainty about the outlook for government finances materializes
in elevated levels of public debt over the medium term, but not upon impact.

Robustness of recursive identification. As I have discussed previously, sovereign un-
certainty could be affected by more international factors as compared to domestic factors.
In this regard, Figure 22 in Appendix A.5.1 displays the robustness of the baseline find-
ings when SU is ordered first.?> Qualitatively the results are similar but they are now
larger in magnitude and the response of the stock market index is already negative on im-
pact. Figure 22 shows further checks with respect to the baseline specification, principally,
regarding the presence of potential omitted variables.?® The inclusion of both consumer
and industrial confidence is made to disentangle the effects of confidence shocks from un-
certainty shocks. As it is normally argued in the literature, uncertainty could arise from
information-noisy news. Thus, there may exist a link between them when agents receive
bad news about the future and the economy is stuck in an elevated uncertainty state
(see, for instance, Piffer and Podstawski, 2018). To this end, I test that SU shocks do
not resemble negative confidence shocks by individually including consumer and indus-
trial confidence first in the VAR model. Additionally, I consider fundamental to further
scrutinize the effects of sovereign uncertainty by taking into account the presence of
macro-financial uncertainty arising from disruptions in the private sector. Despite I have
previously shown that my sovereign uncertainty index is weakly correlated with macro-
financial uncertainty prior to the great recession and that they only share a common spike
in this period, the lack of inclusion of this type of uncertainty could produce upper-biased
estimates in the aftermath of a sovereign uncertainty shock. I then include the measure
of macro-financial uncertainty last in the baseline specification following Ludvigson et al.
(2019). The vector featuring MU predicts somewhat milder responses with respect to the
baseline case. Nevertheless, this scenario still confirms the sizable and long-lived effects
of SU shocks. Figure 22 also reports the results when varying the lag order.

Next, what is the potential relevance of the data-rich approach? As noted earlier, a crucial
difference with respect to Born and Pfeifer (2014) or Fernandez-Villaverde et al. (2015) is

25See also Appendix A.5.1 for the complete set of median IRFs with their respective credible bands.

26The inclusion of more variables in the system can help to disentangle the “correct” decisions of
the different agents in the economy. In other words, the econometrician has access to a larger set of
information in the extended model and thus the dynamics can vary with respect to the baseline case.
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that my government-related uncertainty measure is based on a high-information content
approach. The exclusion of this feature could potentially be the reason behind the minor
role played by their policy uncertainty shocks. Hence, I could construct an alternative
measure of sovereign uncertainty by just employing data from a single time series in the
public finance dataset and check how the results would change. For example, one can
analyze the time-varying volatility of the unexpected component of public debt.

First, in Appendix A.5.3, Figure 28 displays the indicators of uncertainty for both short-
term and long-term measures of public debt, alongside the SU index. It is worth noting
that the individual uncertainty indicators fail to capture important spikes in various
historical events. The timing of these episodes also varies, as exemplified by the euro area
debt crisis. Second, Figure 29 and Figure 30 show that the impact on the real economy
is clearly reduced when these individual measures of uncertainty are imposed. It can
be observed that bank lending, unemployment rate and industrial production are not
significantly affected, especially in the case of long-term debt uncertainty. Furthermore,
the implications for the price level vary depending on the specific debt measure employed.

In the FAVAR model, I consider various factors that impact a broader spectrum of public
finances instead of focusing on a single element. This approach aligns with the discussion
in Anzuini et al. (2020), where they look at the overall cyclically-adjusted primary deficit
and not just to some of its components. Their broader variable stands out as the most
frequently employed indicator of the government’s fiscal stance. In my case, I incorporate
government instruments with different maturities and owners. This extension is partic-
ularly relevant for debt sustainability analysis (DSA). DSA serves as a valuable tool for
fiscal monitoring and for making decisions regarding the allocation of financial assistance
by international organizations (see Alcidi and Gros, 2018 and Burriel et al., 2023). This
literature has shown that allowing for a rich setup to take into account different funding
sources in terms of maturities and costs is crucial for DSA. Consequently, the previous
findings confirm the importance of a rich-information strategy when measuring the effects
of sovereign uncertainty shocks.

Finally, does the transmission of sovereign uncertainty rely exclusively on periods of
economic slowdown? It could be also assumed that the negative and persistent effects
of sovereign uncertainty shocks are only driven by the Great Recession or the European
debt crisis. To assess this question, I consider a threshold VAR model to account for the
presence of potential non-linearities. The importance of non-linearities when analyzing
the effects of uncertainty shocks has been recently stressed by the literature (see Auerbach
and Gorodnichenko, 2012; Caggiano et al., 2014; Caggiano et al., 2017; Liu et al., 2019
and Alessandri and Mumtaz, 2019). Appendix A.6 details the estimation strategy and
confirms that the effects of sovereign uncertainty shocks during recessions are indeed
stronger, especially in the short-run. However, contrary to the findings of other studies
in the U.S. using measures of macroeconomic or economic policy uncertainty, the effects
in booms found here are sizable (see Figure 41). This implies that economic downturns
are not the sole drivers of the detrimental consequences of sovereign uncertainty shocks.

3.2.2 Findings under Identification with Sign, Event-based and Ratio Res-
trictions
I turn now to discuss the empirical findings when a combination of sign, event-based

and ratio restrictions is employed. Figure 5 reports the baseline effects of a one standard

BANCO DE ESPANA 22 DOCUMENTO DE TRABAJO N.° 2423



Sovereign Uncertainty Stock Market Bank Loans

0.15
0.1
c
[0
(8]
o 0.05
o
0 .
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Price Level Unemployment Rate Industrial Production
0.2
O Frovrmmrmne sammas e 0.2
c
(0]
© -0.05
(O]
o
-0.1
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Long-term Rate (ABP) Government Debt Macro-financial Uncertainty
5 .
0.6 0.08
0.06
@ 0.04
o
g 0.02
0
-0.2 -0.02
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Months Months Months

Figure 5: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Baseline Identification with Sign, Event-based and Ratio Restrictions

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.

deviation shock to SU.?” I found, in general, similar results as in the case where the
sovereign uncertainty shocks are identified with a Cholesky decomposition.?® In particular,
the responses of bank loans, unemployment rate, industrial production, price level and
government debt are qualitatively the same. However, some differences emerge when I
consider the stock market. Without imposing any prior beliefs on the response of this
variable, it is not clear whether it significantly moves as a consequence of a sovereign

2TFigure 31 in Appendix A.5.4 reports forecast error variance decomposition for selected variables
(the ones that produce statistically significant IRFs) attributable to SU shocks. I find that this source
of perturbation plays an important role in business cycle fluctuations. I have also performed a historical
decomposition analysis to see how important any of the uncertainty indicators are in historical period
(Appendix A.5.5).

28In Appendix A.5.6, I have reported the constructed SU (MU) series and the estimated SU (MU)
shocks under each identification method. In general, one can notice that the recursive scheme imposes
stronger restrictions among the variables, and consequently, it produces larger spikes in the shock series.
On the contrary, the less restrictive identification inherent in the narrative approach yields less volatile
series. It is worth mentioning that the estimated MU shocks are larger in September and October 2008
when considering the variant of the narrative identification.
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uncertainty shock or not. This pattern is also present in the reaction of the long-term
rate, but in this case, the mass of the distribution of the response is inclined toward the
positive plane as time goes by (as in the recursive identification).

Regarding MU shocks, it can be seen from Figure 5 and Figure 6 that the results support
the previous evidence, i.e., the effects of SU and MU shocks respectively differ. While the
former perturb the economy in the medium-run, the latter display short-lived responses
in real activity. Specifically, industrial production, unemployment rate and government
debt react persistently more after a SU shock. Bank lending seems to decline shortly after
impact in the aftermath of a MU shock, whereas it strongly decreases after 24 months
following a SU shock. It is worth noting that the brief impact of MU shocks is only
significant for industrial production. Nevertheless, a variant of the baseline narrative
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Figure 6: IRFs to One Standard Deviation Shock to Macro-financial Uncer-
tainty: Baseline Identification and the Additional Constraint

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed
in monthly percentage points and annualized basis points (ABP), respectively. The blue line displays
the results under the baseline identification with sign, event-based and ratio restrictions. The gray line
exhibits the responses under the additional narrative: The MU shock is the most important contributor to
the unexpected changes observed in the MU index following the Lehman Brothers’ Collapse (September-
October 2008).
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identification strengthens the results of MU shocks, rendering the previous responses
significant (gray lines in Figure 6). In particular, I assume that a MU shock is the most
important contributor to the unexpected changes observed in the MU index following
the Lehman Brothers’ Collapse (September-October 2008).% The additional restriction
essentially constrains the historical decomposition of the MU shock around this specific
episode, and confirms again the diverse nature of both types of uncertainty shocks.3°

Robustness of identification through sign, event-based and ratio restrictions.
How decisive are the previous restrictions in order to identify a sovereign uncertainty
shock? I propose the following set of robustness checks under this type of identification:
(7) considering other prior beliefs about the narrative of SU shocks; and (ii) accounting
for potential omitted variables in the baseline vector of agents’ information.

One could expect that the initial restrictions imposed are crucial or necessary for the
identification of the structural shocks of interest. I study two variants of the benchmark
event-based identification strategy. Firstly, I augment the set of narrative information
with the bailout of the Spanish “Cajas”, which occasionally involved a government guar-
antee and could be perceived as a risk to public finances (thus, it can be treated as a
positive SU shock). In particular, I consider the bailout of Bankia in May 2012. Secondly,
I analyze an event in July 2012, when former President Mariano Rajoy announced aus-
terity measures, including cuts in spending and tax increases. This reduced the deficit
significantly and improved forecasts of future deficits. Consequently, this event could be
considered as a negative shock to SU.3! Figure 24 and Figure 25 in Appendix A.5.2 prove
that it is possible to obtain results analogous to the ones reported in Figure 5 by just
imposing a different combination of narrative restrictions.?

As in the recursive identification scheme, I consider now the presence of potential omitted
variables in the model. That is, I control for both confidence about the future and global
economic policy uncertainty (GEPU).33 As previously noted for the former case, this
inclusion is important given that there exist several studies who clearly show that news
and uncertainty shocks are interconnected (see e.g. Forni et al. 2017; Cascaldi-Garcia and
Galvao 2018; and Lagerborg et al. 2019). Next, it is also relevant to confirm that shocks
to SU still survive in the presence of global uncertainty (see e.g. Berger et al. 2016 and
Cesa-Bianchi et al. 2019). Figure 26 and Figure 27 in Appendix A.5.2 certify the stability
of the baseline results.

Altogether, regardless of the identification strategy, sovereign uncertainty shocks have
significant and persistent negative effects on bank lending. The effects of these shocks

29The draws that satisfy this additional narrative are fewer than in the benchmark case. Consequently,
this accounts for the less regular patterns observed in the IRFs.

30Figure 23 in Appendix A.5.2 shows that the credible set is also smaller than in the baseline scenario
for SU shocks.

31T thank one referee for the narrative in this paragraph.

32In July 2012, former European Central Bank President Mario Draghi pronounced his famous “what-
ever it takes”. This event is generally considered as a turning point because it reverted the negative
situation around the European public finances. In other words, it can be treated as a positive outcome.
Then, one may assign a positive sign to the SU shock occurring in July 2012. This extra restriction does
not alter the baseline IRFs (results are available upon request).

33The GEPU index is a GDP-weighted average of national EPU indices for 21 countries and it is
obtained from www.PolicyUncertainty.com.
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are translated to the larger economy leading to a prolonged and significant downturn in
industrial production, with evidence of deflationary pressures. At the same time, they
are accompanied by significant rises in unemployment rate and government debt. Finally,
to show that these findings are indeed stable, I have performed a battery of robustness
checks. For the rest of macroeconomic aggregates — stock market index and long-term
interest rate — the results are more ambiguous.

4 Theoretical Framework

In this section, I introduce an approximation for sovereign uncertainty in a DSGE model
with recursive preferences and financial intermediaries to rationalize my empirical results.
In particular, the objective is to investigate whether the model can effectively match the
empirical evidence of an uncertainty shock originating from changes in the public financial
sector, and if so, which important theoretical assumptions are necessary to achieve it.

4.1 A New Keynesian DSGE Model with Sovereign Uncertainty,
EZ Preferences, and Banking Sector

The starting point is a canonical New Keynesian DSGE model augmented with financial
intermediation as in Gertler and Karadi (2013) and Epstein-Zin (EZ) preferences. In the
extended framework, banks hold government bonds. I explicitly model the real interest
rate on these bonds as the sum of return on a perpetuity and an exogenous additive
term which is subject to a stochastic volatility shock. I will refer to the latter as an
approximation for sovereign uncertainty. I postpone a full justification for this choice
to the end of section. In addition, the model is solved by a third-order perturbation
method (Fernandez-Villaverde et al., 2011 and Basu and Bundick, 2017) and estimated
by matching model’s moments with corresponding moments from the data.

The whole economy is populated by households, banks, intermediate producers, retail
goods firms, capital goods producers and a monetary authority. The central bank’s actions
can be directly affected by sovereign uncertainty shocks in an augmented Taylor rule. The
following sections detail the agents’ decision problems.

4.1.1 Households

There is a continuum of identical households of unity mass. Each household is composed
by a fraction m of bankers and a fraction 1—m of workers. Each banker manages a financial
intermediary and returns earnings to the household. Workers supply labor and similarly
transfer their wages back to the household. Additionally, there is perfect consumption
insurance within the family.

The problem of the household is formalised as follows:

A%

1—0o

V, = maz | (1= B)(CY(1— H)'™) % +BEVL)WV ] (5)

where C; denotes consumption, H; is labor supply, /3 is the discount factor, v controls
labor supply, o governs risk aversion, and 6y = (1—0)/(1—(1/4)). The latter is an index
of the deviation with respect to the CRRA utility function where v regulates household’s
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elasticity of intertemporal substitution (EIS). When 6y = 1, the recursive preferences
collapse to the CRRA case and the inverse of the EIS and risk aversion coincide.?*

The maximisation problem is subject the household’s budget constraint:
Dy +Cy = Ri_1Dyy + Wi H, + T + 11, (6)

where D, refers to deposits in intermediaries that the household does not own, receiving
the real interest rate R;. Moreover, it supplies labor for the real wage W, and pays lump-
sum taxes T;. Through its ownership of goods and capital producing firms, the household
receives the profit IT;.

Denoting by o; the Lagrange multiplier associated with the resource constraint, the op-
timality conditions for the household’s maximization problem with respect to deposits,
labor and consumption are:

1 =EiA 1 Req1, ")
(=) G
Wi = v (1-H,) "
U CV 1— H 1—v IQ_TU 1-1=2
or = ( t ( - t) ) (1 . B)Ut Oy ’ (9)
t
where L ;
v (L= Ho )"\ [, \ [ Vi \ v
A _ P t+1 ) ( ¢ )( 1 ) : 10
tt+1 6( Cf(l — Ht)l_V Ct+1 Etv,;ijlo ( )

The last equation represents the stochastic discount factor A, ;11 (between periods ¢ and
t + 1) implied by the Epstein-Zin preferences. From now on, one period corresponds to
one-quarter.

4.1.2 Intermediate Goods Producers

The intermediate goods firms produce their output following a Cobb-Douglas production
function using capital, K;, and labour, H;:

Y, = AKMHT?, 0<a<, (11)

where « is output elasticity with respect to capital, 1 — « is labour elasticity, and A; is
total factor productivity (TFP).

In order to finance the capital acquisition, the firm must obtain funds from a financial
intermediary. It therefore issues securities, S;, equal to number of units of capital it
acquires, Ky 1, pricing each claim at the unit price of capital, Q);. Letting P,,; be the
relative price of intermediate goods at time ¢ and assuming the firm makes zero profits
every period, the rate of return to the bank on the loan, RfH, is given by:

341 employ EZ preferences following Caldara et al. (2012) and Basu and Bundick (2017). The latter
study demonstrates that models with flexible prices cannot reproduce the negative co-movement between
output, consumption and investment. However, macroeconomic uncertainty shocks can generate this
comovement through sticky prices. Given the importance of this result for the uncertainty literature, I
opt for using the same type of preferences to clearly isolate the specific impact of price rigidities. As I will
explain later, sovereign uncertainty shocks are much less influenced by sticky prices than macroeconomic
uncertainty shocks, even after controlling for households’ preferences. Appendix B.3 further discusses the
role of EZ preferences.
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where ¢ is the gross depreciation rate and &; is a capital quality shock whose law of motion
is given as:
& = pe&i1 + ugy, with ugy ~ N(O, ag). (13)
The capital stock for ¢ + 1 evolves according to:
K1 = §alli + (1 — 0) Ky, (14)
and the firms’ demand for labour is equal to the marginal productivity of labour:
Y:
Wy =Pl —a)—. 15
t (1= a) 1, (15)

4.1.3 Capital Goods Producers

Capital producers use final output as an input to make new capital. They sell this capital
to investing firms at the price );. Capital goods producers choose I; that maximizes the
expected lifetime profits given by:

max EtiAt,T{erT — [1 _|_f(I[T )}]T}, (16)

T—1

where investment adjustment costs have the following functional form:

()4

The resulting first-order condition indicates that the price of capital goods equals the
marginal cost of investment goods production:

I, Lo, (L L\’ (L
=1 — F.A . 1
Q=1+ 1(7) g () — Bideenn (B2) 1 (% (18)

Profits arising outside the steady state are rebated to households in lump-sum fashion.

4.1.4 Retail Firms

There exists a unit continuum of monopolistic firms who repackage the intermediate
output. Final output, Y;, is a CES aggregator of differentiated retailers output, Y;(4),

given by:
1 ) =
n=</ﬁmTM) , (19)
0

where € is the elasticity of substitution between different retail goods. The demand curve

for each good is thus given by:
P(i)\ ¢
vt = (%) v (20)
t
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Monopolistic retailers convert one-to-one the intermediate output into the final good. The
marginal cost is therefore the relative intermediate output price P, ;. I introduce nominal
rigidities following Rotemberg (1982). In particular, the retailer ¢ maximizes:

- Prij(1) = B N op ( Py (d) >2
E A, | L Tty () — D —J. —7) Y., , 21
t Z 4] ( Pt+j t+.7( ) 2 Pt+j_1(Z) i+ ( )
subject to the demand function in Equation (20).

4.1.5 Banks

The modeling of financial intermediaries draws from Gertler and Karadi (2013). Nonethe-
less, I describe here their main choices and interactions with the real economy for the
sake of completeness. Accordingly, banks finance their operation by obtaining deposits
from households, D;, and through their own net worth, N;. Moreover, they lend to non-
financial firms and invest in government bonds, B;. Their balance sheet is then given
by:

Q:St + QFBt = Ny + Dy, (22)

where S; is the quantity of financial claims on non-financial firms that the intermediary
holds, and the relative prices of private claims and government bonds are Q; and QPZ,
respectively.

The law of motion for the net worth of banks is given by the combination of the balance
sheet and the flow of funds:

Ny = (RF — R)Q_1S;_1 + (R? — R)QP B,_, + R,N,_,. (23)

The bankers objective is to maximize the present value of their terminal wealth discounted
with the household’s intertemporal marginal rate of substitution, A;;;;. Each banker
transfers the remaining net worth to its household as a lump-sum payment and exits the
market with probability 1 — #. Formally, the maximization problem can be expressed as:

‘/;g - Et Z At,t-i—i(l — Q)Qi_th+i. (24)

=1

As in Gertler and Karadi (2013), in order to motivate a limit on bank’s ability to expand
its assets indefinitely by accepting more deposits, it is assumed that a bank is able to
divert a proportion A of funds back to its own household at the end of every period.
Therefore, the incentive to default reduces the amount that depositors are willing to
lend to the banks. In this framework, it is also assumed that it is easier for a bank to
divert a higher proportion of private loans than diverting funds from government bonds.
Concretely, A is the diverted fraction of private assets and AA of government bonds with
0 < A < 1. This difference can be easily motivated by the lower monitoring ability of
deposit holders. Accordingly, the incentive constraint is given as:

V, > ANQ:S: + AQL By). (25)

Solving the banker’s problem by maximizing Equation (24) subject to Equation (22),
Equation (23), and Equation (25), yields the following inequality restriction holding with
equality:
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@St + AQP By < Ny, (26)

where time-varying leverage is written as:

EAy i1 Rips
A — ]EtAt,tJrl(Rerl - Rt-ﬂ-l),

¢y = (27)

and with /N\t,tﬂ being the bank’s stochastic discount factor augmented by the multiplier

Qi B
At,t+1 = At,t+1 Q. (28)
The weight €2, reflects the shadow value of a unit of net worth to the bank at ¢+ 1 and
is given by: )
Q1 =1— 0+ 0E Ay 1 [(RY, — Ris1)dr + Riga]. (29)

Moreover, expected excess returns on banks assets must satisfy the following arbitrage
condition:

EiAi i1 (RE, — Ripr) = AR A1 (RF, — Ripy). (30)

Total net worth evolves as the sum of retained earnings by the surviving fraction 6 of the
bankers and the transfers that new bankers receive:

(Rf ~ R)Qu1Sis | (RP — R)QP \Bio,

N, =0
! Ny Ny

+ R[Ny + TRy, (31)

where

TRy = w(Qi-15-1 + Q£1Bt—1). (32)

4.1.6 Securities Holdings by Households

Following Gertler and Karadi (2013), I now permit direct household participation in asset
markets and assume that a household pays a cost equal to the percentage $x(Sf—S")? /S
of the value of its portfolio for S* > S". Similarly, there is a holding cost for government
bonds which equals the percentage $x(Bf* — B")?/B}' of the total value of government
bonds for B > B". This assumption captures in a parsimonious way limited participation
in financial markets by households.

After allowing households to directly hold private securities and government bonds, the
initial budget constraint becomes:

1 - 1 _
Dut CorQu |1+ ulst = S'P/t] +QF | B+ geml = BBt
=R,_1Dy_ +RFS" |+ REB! | + W,H, + T, +11,.

Resolving the household’s optimization problem leads to the same firs-order conditions for
deposits, labor supply and consumption as before. The optimality conditions for private
securities and government bonds are given by:

BN (RE, — Riga)

Sp=5"+ - : (34)
_ E:A RE. — R
Bh= B+~ a1 /1:'1 t+1) (35)
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It can be noted that when marginal costs go to zero, excess returns disappear and house-
holds are able to engage in frictionless arbitrage of security returns. On the contrary, when
marginal costs grow to infinity, households demand their respective frictionless values.

In this extended case, the equilibrium conditions in the markets for loans and government
bonds read now as:

Sy =SY+ S, (36)
B, = B’ + Bl", (37)

where S and B! are, respectively, household holdings of private securities and govern-
ment bonds, while S? and B? are the amounts held by banks.

4.1.7 An Approximation for Sovereign Uncertainty

Every government bond is a perpetuity and pays one euro per period indefinitely. In order
to introduce sovereign uncertainty in the model, I assume that the real interest rate on
the bond is given by the sum of return on a perpetuity and an exogenous additive term
which is subject to a stochastic volatility shock:

1/P1+ QF)
QP4

where P;_; is the overall price level in period t — 1 and vgp; is a shock to the realized
return on government bonds. The law of motion for the latter evolves as:

Rf = ( +VRB,t; (38)

g
VRBt = PRBVRB,—1 + € P urp, (39)

where urp: is a normally distributed shock with mean zero and unitary variance. Its
standard deviation, orp+, obeys the following mean-reverting process:

URB,t == (1 - pURB)URB + IOG‘RBO’RB,tfl _'_ nuURB,t' (40)

In the previous equation, the shock u,,, , is normally distributed with zero mean and
unitary variance. This is what I refer to as a sovereign uncertainty shock. The parameters
orp and 7 control, respectively, the degree of mean volatility and stochastic volatility.

As introduced before, this approximation for sovereign uncertainty deserves to be dis-
cussed. It is clear that the previous equations do not look as if they model the possibility
of a default by the government. In that case, there would simply be a binary variable
multiplying the excess return. This is something in line with Bocola (2016), who examines
the effects of shocks to (perceived) sovereign default risk on economic activity through
financial intermediaries. In particular, he analyzes two different but complementary chan-
nels (liquidity and risk) under which a rise in the probability of default transmits into the
financial and real sectors of the Italian economy. He finds that the risk channel accounts
for up to 45 percent of the impact of the sovereign debt crisis on firms’ borrowing costs.

In this paper, I do not separate the quantitative contributions of the two channels. The
main objective of my theoretical analysis is to show whether a New Keynesian DSGE
model with financial intermediation can effectively match the empirical evidence of an
uncertainty shock originating from changes in the public financial sector, and if so, what
theoretical assumptions are necessary to achieve this. In addition, I have opted for the
stochastic volatility narrative of the exogenous additive term in the realized return on
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government debt for the following reason. As mentioned previously, during the extraction
of the empirical measure of sovereign uncertainty, the one-step-ahead prediction error
of each time series and of each selected factor in the FAVAR model exhibited time-
varying volatility, where the latter was computed (for each forecast error) by employing an
AR(1) stochastic volatility model. This feature allowed for a shock to the second moment
that is independent of the first moment. Consequently, the way I model uncertainty in
both sections is based on the same assumptions.?® It is true, however, that the large
set of information available in the empirical counterpart is not present here. I am thus
constrained to simplify the diverse data-oriented stochastic volatility processes into a
single stochastic volatility entity.

One could also argue that the European debt crisis resulted from a combination of the
risk of default and the risk of leaving the Euro. Macera et al. (2022) develop a partial
equilibrium model with two equations — a government budget constraint and a money
demand — to assess the impact of information frictions, specifically through internal
rationality, on the risk of hyperinflation following a departure from the Eurosystem.
They show that a small deviation from rational expectations (RE) can lead to inflation
rates several times higher than those predicted by RE. In contrast, my paper adheres to
the RE framework but investigates the role of uncertainty about the outlook for public
finances within a general equilibrium setting.

Summing up, the larger potential fluctuations in the real interest rate on sovereign bonds
(either negative or positive) serve as a theoretical approximation for the data-driven
sovereign uncertainty index. In this way, uncertainty about future movements related to
the real return on government bonds affect agents’ expectations and is able to generate
fluctuations in nominal and real variables.

4.1.8 Monetary Policy and Equilibrium

The monetary authority sets the nominal interest rate following a simple Taylor rule:

5)-( ()

where 7; is the net nominal interest rate, ¢ the steady state nominal interest rate and Y
stands for output in steady state.

To fully reflect the view that the European Central Bank (ECB) will not change its
nominal target by only observing the economic developments of the Spanish economy,
one should take into account the Spanish contribution to Euro Area output and inflation.
In the calibration part, I will then set the parameter governing the reaction to output
growth close to zero. However, in a NK-DSGE model, a small weight on inflation leads to
indeterminacy (see Gali, 2015). This is the reason why the latter will be set to a standard
value in the literature.

The following Fisher equation relates the nominal and the real interest rates:

(42)

35Further investigation (not shown) reveals that if I model sovereign uncertainty by simply considering
a binary variable multiplying the excess return as in the literature on government default, this does not
deliver hump-shaped responses in economic activity, which are observed in the empirical contribution of
the paper after a sovereign uncertainty shock.
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In addition, I consider that monetary policy decisions can be directly influenced by
sovereign uncertainty shocks and augment the previous simple Taylor rule as follows:

it T o Y, ry eRB,t\ "RB

(1)) () (=)™ =
This modification follows Fernandez-Villaverde et al. (2015) who also extend their model
by allowing that the Federal Reserve is directly affected by fiscal volatility shocks. In
this paper, the motivation is that the ECB has explicitly mentioned sovereign risk or
fiscal uncertainty as a consideration for monetary policymaking during both the global
financial crisis and the European debt crisis. Consequently, the previous specification
allows for a smaller monetary policy easing than the one expected in an environment

with no uncertainty about the future path of public finances. As demonstrated later, the
inclusion of this feature will help to better quantitatively match the empirical IRFs.

It is worth mentioning that the assumption that the ECB’s response can be altered in
some circumstance due to SU shocks in Spain is not so restrictive. For instance, it is likely
that the peak in the SU measure during the sovereign debt crisis is more due to global
(European) factors than domestic (Spanish) factors. Therefore, the reaction of the ECB
is more justified if one thinks on this specific episode.

Finally, the aggregate resource constraint is given by the following expression:

2
e [ s ()| L2 o] »

The supply of long-term bonds is fixed by the government:

B, = B. (45)

Labor market equilibrium requires that labor supply equals labor demand:

(1 - l/) Ct }/t
=Pl —a)—. 4
14 (1 — Ht) th( &) Ht ( 6)
And the supply of firm’s securities at the end of period ¢ evolves as:

4.2 Solving the Model, Calibration, and Estimation

The model is solved by means of a third-order perturbation method. As explained in the
study by Fernandez-Villaverde et al. (2011), a third-order approximation to the equili-
brium conditions of the model is required in order to allow that stochastic volatility shocks
enter as independent arguments into the policy functions with coefficients different from

zer0.36

I divide the calibration of the model’s parameters into two groups. In the first group,
parameters are calibrated using results from the literature or steady state relationships.

36The non-linear solution of the model is conducted with Dynare (Adjemian et al. 2011). The pruning
algorithm described in Andreasen et al. (2018) is used to account for non-explosive simulations.
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For the second group, I estimate them using moment matching which I will detail later.
Table 1 lists the parameters taken from both groups.?”

I set the values of some parameters drawing upon Gertler and Karadi (2013): capital share
in production for intermediate goods firms, «; proportional advantage in seizure rate of
government bonds, A; capital holdings of households, S$"/S; and portfolio adjustment
cost, k. Transfer to new bankers, w, is 0.001 (a small value similar to Gertler and Karadi,
2011). Following Gertler and Karadi (2013), I also choose values for the survival rate of

Table 1: Model Parameters

Firms
0, Investment adjustment cost 84.82 Target
0 Gross depreciation rate 0.02 Standard
a Capital share in production 0.33  Gertler and Karadi (2013)
€ Elasticity of demand 9 Burriel et al. (2010)
op Price adjustment cost 100  Price stickiness of 0.75
Banks
A Fraction of divertible capital 0.38 Leverage ratio for banks of six
w Transfer to new bankers 0.001 Small value
0 Survival rate of bankers 0.98 Horizon of around ten years
A Seizure rate of gov. bonds 0.50 Gertler and Karadi (2013)
Households
15} Discount rate 0.992 Real interest rate of about 3%
o Risk aversion 5 Caldara et al. (2012)
(0 Inter. elasticity of substitution 0.50 Caldara et al. (2012)
B"/B Bond holdings by households 0.70 Data
Sh/S  Capital holdings of households 0.50 Gertler and Karadi (2013)
K Portfolio adjustment cost 1 Gertler and Karadi (2013)
Monetary Policy and Bond Supply
Ko Inflation coefficient TR 1.50 Standard
Ky Output coefficient TR 0.05 Low value
Kopp O0V. uncertainty coefficient TR 0.007 Low value
B Government bond supply 1.15 Data (B/Y = 0.60)
Shocks
Pory Autocorrelation parameter of opy, 0.80 VAR evidence
n Stochastic volatility parameter 0.33 VAR evidence
pre  Autocorrelation parameter of Rb 0.882 Target
orp Degree of mean volatility -6.88 Target
Pe Capital quality autocorrelation 0.965 Target
o¢ S.D. of capital quality shock 0.030 Target

bankers, #, and for the fraction of divertible capital, A, to hit the following targets: an
expected horizon of around ten years for banker, and a steady-state leverage ratio for
banks of six. The parameter for elasticity of demand, €, comes from Burriel et al. 2010,
who estimate it for the Spanish economy in particular. The risk aversion parameter, o, and
the intertemporal elasticity of substitution parameter, ¢/, are obtained from Caldara et al.
(2012). Price adjustment cost, ¢p, is chosen to be 100 so that in a first-order equivalent

37Christiano et al. (2005) and Basu and Bundick (2017) use a similar estimation approach.
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Calvo (1983) setup, prices are fixed for four quarters on average. The household discount
factor, 3, is given a standard value of 0.992 (annualized real interest rate of about 3
percent). The share of bond holdings by households, B"/B, is set to 0.70 as observed in
the data (see Merler and Pisani-Ferry, 2012). Government bond supply, B, is set to hit
the ratio of government debt to output (around 0.60, average 1997-2017). For monetary
policy, the value for k£, = 1.50 is standard and largely used in the literature, and x, = 0.05
as argued before. To account for uncertainty about the future path of public finances, I
set Ky, to a low value, following the modeling approach of Fernandez-Villaverde et al.
(2015) in handling fiscal volatility shocks. The values for the autocorrelation of the shock
to the approximation process of sovereign uncertainty, p,,,, and its stochastic volatility
component, 7, are set from the estimated VAR.3®

As discussed, for the second group of parameters I employ a moment matching approach.
Specifically, I define the estimator j as:

j = min[E - E(M]WTE - ()], (48)
where v is the vector of estimated parameters. I refer to their estimated values as “target”
in Table 1. = and =(y) are the vectors that contain, respectively, the unconditional
standard deviations (and relative to output) of the selected variables in the data and
in the model. The targeted variables are output, consumption, investment, hours worked
and bank lending. W is a diagonal weighting matrix.

Table 2: Business Cycle Statistics: Model versus Data

Percent Relative to Output
Unconditional Volatility Model Data Model Data

Targeted Variables

Output 1.33  1.25 1 1
Consumption 1.37 146 1.03 1.17
Investment 3.56  3.57 2.67 2.86
Hours Worked 1.799  1.52 1.34 1.22
Bank Lending 3.39  3.33 2.55 2.66
Non-Targeted Variables

Inflation 0.36  0.59 0.27 0.47
Nominal Rate 0.36  0.46 0.27 0.37
Credit Spread 0.72  0.79 0.54 0.63
Bond Spread 0.49 0.88 0.37 0.70

Note: The empirical sample period is 1997-2019. Non-Targeted Variables are
the ones that are not included in the matching estimation. See Appendix A.1.3
and A.1.4 for data description and sources. For constructing data moments, I
apply the HP filter to the log of each empirical time series with a smoothing fac-
tor of 1600. To compute the model-based moments, I first simulate the DSGE
model for 25,000 periods (quarters) and compute the model moments after an
initial burn-in period. I repeat this procedure 100 times to take the mean of the
moments of the simulation.

38Notice that the path of the model’s sovereign uncertainty process after the shock must be comparable
to one obtained in the VAR analysis. For that reason, the parameters governing the stochastic process
of sovereign uncertainty are set from the VAR evidence.
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As a diagnosis of the model fit, Table 2 shows the moments observed in the data and
those that are obtained from the model. Undoubtedly, the model does a good job at
matching the empirical moments. The standard deviations of output, consumption, in-
vestment, hours worked and bank loans in the model are 1.33, 1.37, 3.56, 1.79 and 3.39
respectively, which are close to the values 1.25, 1.46, 3.57, 1.52 and 3.33 produced by the
data. Moreover, Table 2 displays the standard deviations of the non-targeted variables in
the model. Again, the theoretical framework is also able to reasonably match the standard
deviations implied by the data.

4.3 Results

How well do the model-generated impulse responses match those from the empirical coun-
terpart? First, I have to re-consider the VAR estimation in previous sections since the
DSGE model is designed in quarterly terms. Figure 42 in Appendix B.1 displays three
variants of the quarterly VAR. The benchmark vector includes consumer and industrial
confidence, stock market index, bank loans, output, consumption, investment, price infla-
tion, employment level, long-term interest rate on government bonds and sovereign un-
certainty. This resembles the baseline recursive ordering in the previous empirical exercise
(solid-blue lines). Furthermore, I also consider sovereign uncertainty as a more exogenous
driver (marked-red lines) and the scenario where both sovereign and macro-financial un-
certainties are present (dash-dot-purple lines). While the second recursive setup permits
clear isolation of the economic mechanisms driving the propagation of sovereign uncer-
tainty, the third accounts for this isolation and at the same time permits the purging of
the effects of sovereign uncertainty shocks. I believe that, for the same reasons outlined
in the previous sections, the last variation of the quarterly VAR is the most accurate
representation. The selected vector of variables is then formed by bank loans, output,
consumption, investment and hours worked.

Figure 7 exhibits the IRFs to a one standard deviation shock to sovereign uncertainty in
the DSGE model and in the VAR setting.?® Looking at the theoretical responses, output,
consumption, investment, hours worked and bank lending fall persistently. Furthermore,
the model is capturing most of the empirical slowdown in output, investment and hours
worked, and in a lower proportion, it also accounts for the declines in consumption and
bank lending while being consistent with the data moments (see Table 2) and with the
empirical path of sovereign uncertainty after a shock to it. It is worth noting that for
consumption and bank lending their respective theoretical responses lie inside the credible
bands of the VAR framework for several quarters after the shock.

One interpretation of these results is that, after a sovereign uncertainty shock, the price
of government bonds decline because now it becomes riskier to hold them as banks start
to be exposed to larger fluctuations in the real return on government bonds (either neg-
ative or positive). At the same time, two more facts emerge: () heightened sovereign
uncertainty affects banks’ expectations on firms’ claims causing a fall in the relative price
of private capital too, and (ii) since banks are facing tighter funding constraints, the

39The theoretical IRFs are expressed in percent deviation from the stochastic steady state of the
model. To construct these responses, I follow Basu and Bundick (2017) by setting the exogenous shocks
in the model to zero and iterating the third-order solution forward. After a sufficient number of periods,
the variables in the model converge to a fixed point, which is denoted as the stochastic steady state.
Then, the economy is hit with only a one standard deviation SU shock and the IRFs are computed as
the percent deviation between the equilibrium responses and the pre-shock stochastic steady state.
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Figure 7: Quarterly IRFs to One Standard Deviation Shock to Sovereign Un-
certainty: Model vs Data

Note: All responses are in quarterly percent deviations from the stochastic steady state.

marginal value of wealth is higher. The two forces together with the decline in the price
of bonds amplify the drop in bank net worth. Consequently, banks’ ability to lend to firms
is severely limited since their credit capacity is directly tied to their net worth. Therefore,
lack of sufficient bank credit creates scarcity of capital for firms and restricts real eco-
nomic activity. Figure 8 (solid-purple lines) accounts for the previous dynamics and also
shows that net worth recovers faster than bank assets, generating a slow recovery in real
variables. Then, as already noted in Gertler and Karadi (2011), the need for deleveraging
can delay the recovery of the economy.

Motivated by the slow recovery observed in the benchmark findings, I explore what the
main drivers are that give rise to the persistence of the responses. I conduct several
experiments. First, I reduce the reaction parameter to SU shocks in the Taylor rule from
0.007 to 0.002. In this way, the monetary policy decisions are directly less influenced by
SU shocks. Figure 8 (dashed-black lines) shows the IRFs under this alternative scenario.
As it can be seen, the results are qualitatively the same but the size of the responses
is now smaller and the dynamics are less persistent. Nevertheless, output still falls by
around —0.1% and investment by —0.16%.

The intuition of this experiment is as follows: if the reaction parameter to a SU shock in
the Taylor rule is reduced, the monetary authority will not increase the nominal interest
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rate more than it would otherwise do s0.** This will then alleviate the initial negative
effects of sovereign uncertainty, and aggregate demand and inflation will decline to a lesser
extent. The dynamics of net worth and the relative prices of different assets in the model
also return to equilibrium faster than before, with signs of a rebound in the response of
net worth. Then, firms build up their demand for capital and labour once uncertainty
has started to shrink in the financial sector.
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Figure 8: Quarterly IRFs to One Standard Deviation Shock to Sovereign Un-
certainty: DSGE Model

Note: All responses are in quarterly percent deviations from the stochastic steady state, except for
inflation and the nominal interest rate, which are expressed in quarterly percentage points and annualized
basis points (ABP), respectively.

40Tn contrast, when one increases the value of the central bank’s reaction parameter to SU shocks,
Kogps the model implies that the monetary authority has to react proportionally less in the aftermath
of an SU shock relative to output and inflation responses. As stated before, the monetary authority will
react by decreasing the nominal interest rate after this adverse shock, but it will potentially do so more
cautiously given the presence of higher uncertainty in the economy.
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In what follows, the second experiment consists of slightly increasing the persistence of the
SU shock from 0.80 to 0.85 (dotted-red lines in Figure 8). This rise does not change much
the model moments and clearly produce larger responses. On the one hand, the effects
on output, consumption, investment, hours worked and bank lending are more persistent
than those under the benchmark estimation. On the other hand, even if this small change
in the persistence of the shock does not perturb much the standard deviations of the
selected variables in the model, it does affect the theoretical path of sovereign uncertainty
after the shock, falling outside the empirical 68% credible bands.*!
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Figure 9: Quarterly IRFs to One Standard Deviation Shock to Sovereign Un-
certainty: Flexible Prices

Note: All responses are in quarterly percent deviations from the stochastic steady state, except for
inflation and the nominal interest rate, which are expressed in quarterly percentage points and annualized
basis points (ABP), respectively.

410n the contrary, at the 90% or 95%, it would be falling inside.
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The third exercise focuses on higher banks’ exposure to government bonds. In particular,
Figure 8 (dash-dot-green lines) shows the implications of a SU shock when banks hold 50%
of total government bonds (B"/B = 0.50) instead of 30% (B"/B = 0.70). As observed,
the responses are larger. The results are primarily amplified because government bonds
now constitute a higher share in banks’ portfolios, and in the aftermath of a SU shock,
banks are then more exposed to uncertain fluctuations in the real return on these bonds.
This implies more impaired balance sheets and banks reduce lending further.

The fourth experiment consists of setting A = 0.25. Thus, I can simulate a scenario
in which the bank’s leverage ratio increases, mirroring the high values observed dur-
ing the Great Recession. In this case, Figure 8 (asterisk-yellow lines) confirms that the
DSGE model can generate larger responses than in the benchmark scenario. The in-
creased leverage ratio amplifies the impact of asset price fluctuations on bank net worth
and, consequently, on the pass-through to the real economy.*?

Next, I investigate the role that nominal rigidities play in explaining the detrimental
effects of sovereign uncertainty shocks. Figure 9 shows that the results under flexible
prices (¢pp = 0) are definitely smaller, especially upon impact, than in the baseline case
(¢p = 100). Yet, this difference is much less pronounced than in the previous literature
where, in the absence of nominal rigidities, the effects in economic activity are negligible
(see Bloom, 2009 and Basu and Bundick, 2017). The intuition is that this literature has
generally focused on uncertainty shocks arising from the real economy (second-moment
shocks to households’ preferences or to total factor productivity) and in a framework
that abstracts from financial intermediaries. In this paper, the source of uncertainty is
originating from government finances and in an environment with financial frictions.
Consequently, this result implies that the presence of financial frictions can be enough
to account for large declines in economic aggregates. A recent paper by Gilchrist et al.
(2014) raises this point, indicating that financial frictions are a powerful conduit through
which uncertainty shocks affect economic activity.*3

In the empirical dimension, I have discussed the diverse impacts stemming from SU and
MU shocks. Now, I proceed to compare the effects of a SU shock with those resulting from
simulating a MU shock in the theoretical model.** I proxy macroeconomic uncertainty
with second-moment shocks to TFP, following the approach of Caldara et al. (2012) and
Cesa-Bianchi and Fernandez-Corugedo (2018):

A = padi_1 +eMugy, (49)

where w4, is normally distributed with mean zero and unitary variance. Its standard
deviation, o4+, obeys the following AR(1) process:

42] can also simulate a scenario in which the bank’s leverage ratio increases, but SU shocks do not
directly affect the Taylor rule. This results in a more pronounced impact, closer to the baseline IRFs
(see Figure 43 in Appendix B.2). However, if monetary policy decisions can be directly influenced by
sovereign uncertainty shocks, this allows us to match the VAR evidence with much lower leverage ratios.

43Bonciani and van Roye (2016) also highlight the importance of financial frictions. However, given
that their uncertainty shock is coming from the real sector — a volatility shock to households’ preferences
— the negative co-movement between output, consumption and investment is not longer present under
flexible prices.

44Tn Appendix B.4, I also simulate the theoretical model and subsequently estimate structural VARs
using the simulated data.
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oar = (1= pr )04+ posOaii1+ Nato,,. (50)

The MU shock, s,y ,, follows a normal distribution with a mean of zero and a variance
of one. Similar to the case of sovereign uncertainty, the parameters 04 and n4 govern
the degree of mean volatility and stochastic volatility, respectively. I set p4 = 0.95 and
log 04 = 0.0064, derived from the properties of the Solow residual (see Comin et al.,
2023). For the stochastic volatility process, I select the same size of the shock as in the
case of sovereign uncertainty, i.e., n4 = 0.33, and perform a sensitivity analysis with the
persistence of the shock. Thus, the following analysis provides further insights into the
mechanisms and identification performed in the empirical section.
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Figure 10 displays the responses to both uncertainty shocks. Similarly to a sovereign un-
certainty shock, heightened uncertainty regarding future technology can lead to a down-
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turn in both the financial and real sectors. A significant difference noted in the narrative
VAR section was the greater persistence implied by SU shocks compared to MU shocks.
As observed in the DSGE model, whether the persistence of the MU shock matches that
of the SU shock (p,, = 0.80, dashed-black lines) or is higher (p,, = 0.90, dotted-red
lines), MU shocks consistently exhibit less persistence than SU shocks, aligning with the
predictions of the VAR analysis.*> On the one hand, in response to an uncertainty shock
about the future path of public finances, the monetary authority lowers the nominal inter-
est rate. However, this proves insufficient to offset the contractionary effects of heightened
sovereign uncertainty. In contrast, following a MU shock, the central bank’s reaction is
much more pronounced, even with a smaller movement in inflation. On the other hand,
another consequence linked to the lack of persistence from the MU shock is the generation
of an overshooting effect in investment, which has been detected in other theoretical and
empirical studies (see Bloom, 2009 and Caggiano et al., 2014). This feature comes from
the dynamics of net worth and bank lending, which return to equilibrium much faster
than before with clear rebounds in their responses.

5 Conclusion

Several recent episodes in Europe have stressed again that the outlook for government
finances is far from being certain. In this paper, I first present a new uncertainty indicator
for public finances, which I refer to as sovereign uncertainty (SU), by exploiting a high-
information content approach. The estimated measure identifies important government-
related events for the Spanish economy and is distinct from macro-financial and economic
policy uncertainty indices.

Next, I empirically assess the implications of unexpected increases in sovereign uncer-
tainty on economic activity. According to my BVAR analysis, shocks to SU that are
identified through both recursive orderings and a combination of sign, event-based and
ratio restrictions lead to economically and statistically significant negative effects in the
financial and macroeconomic sectors. In addition, I show that the impact of a sovereign
uncertainty shock differs from a macro-financial uncertainty shock originating from dis-
turbances in the private sector — while the former persistently affects the economy in
the medium-run, the latter exhibits limited impact on real activity.

Finally, I study the transmission of sovereign uncertainty in a canonical New Keynesian
DSGE model augmented with financial intermediation and Epstein-Zin preferences. I
find that the proposed theoretical model captures the empirical slowdown in output,
investment and hours worked following a SU shock and, in a lower proportion, it also
accounts for the declines in consumption and bank lending while being consistent with
the data moments and with the empirical path of sovereign uncertainty after a shock to
it. In order to achieve this full matching, lack of reaction by the monetary authority is
pivotal. My theoretical framework also emphasizes the importance of financial frictions
in explaining and transmitting the effects of sovereign uncertainty shocks and highlights
the minor role played by nominal rigidities.

45Values for p, , greater than 0.9 imply excessive unconditional volatility in macroeconomic aggregates.
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Supplementary Material for “Sovereign Uncertainty”
[For Online Publication]

Edgar Silgado-Gomez

A Empirical Section

A.1 Data definitions and sources

This section presents the datasets used to compute sovereign uncertainty and macro-
financial uncertainty, as well as the data employed in the VAR analysis.

A.1.1 Macro-financial Dataset

Table 3: Macro-financial Series (1)

Description Mnemonic Transformation
IP in manufacturing sts.m.es.y.prod.2c¢0000.3.000 Alog(xy)
IP in construction (buildings) sts.m.es.y.prod.cc1000.3.000 Alog(xy)
IP in construction (civil engineering)  sts.m.es.y.prod.cc2000.3.000 Alog(x,
IP consumer goods sts.m.es.y.prod.ns0080.3.000 Alog(xy
IP non-durable consumer goods sts.m.es.y.prod.ns0070.3.000 Alog(xy
IP intermediate goods sts.m.es.y.prod.ns0040.3.000 Alog(xy
IP investment goods sts.m.es.y.prod.ns0050.3.000 Alog(xy)
IP energy sts.m.es.y.prod.ns0091.3.000 Alog(xy)
Unemployment rate, total sts.m.es.s.uneh.rtt000.4.000 Alog(xy)
Unemployment rate, under 25 sts.m.es.s.uneh.ryt000.4.000 Alog(x,
Unemployment rate, total, male sts.m.es.s.uneh.rtm000.4.000 Alog(z;
Unemployment rate, total, female sts.m.es.s.uneh.rtf000.4.000 Alog(xy)
Producer price inflation:
- Manufacturing sts.m.es.n.prin.2¢0000.3.000 Alog(xy)
- Total industry, excl. construction sts.m.es.n.prin.ns0020.3.000 Alog(zy)
- Intermediate goods sts.m.es.n.prin.ns0040.3.000 Alog(xy
- Capital goods sts.m.es.n.prin.ns0050.4.000 Alog(xy
- Durable consumer goods sts.m.es.n.prin.ns0060.4.000 Alog(xy)
- Consumer goods sts.m.es.n.prin.ns0080.4.000 Alog(xy)
Indicator of negotiated wages sts.m.es.n.inwr.000000.5.anr Alog(xy
Harmonised competitiveness indicator exr.m.e8.esp.nn00.a Alog(xy

Note: When required, non-seasonally adjusted series are seasonally adjusted using US Census Bureau’s
X-12 ARIMA.
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Table 4: Macro-financial Series (2)

Description Mnemonic Transformation
World market price of raw materials:

- Total excl. energy n023phwx@eudata Alog(xy)

- Energy n023phwe@eudata Alog(zy)

- Coal pecau@wbprices Alog(xy)

- Crude oil peobr@Qwbprices Alog(xy)
Securities:

- Total sec.m.es.1000.£33000.n.1.z01.e.z Alog(xy)

- MFIs sec.m.es.12a0.£33000.n.1.z01.e.z Alog(xy)

- OFIs sec.m.es.1235.£33000.n.1.z01.e.z Alog(xy)

- NFC sec.m.es.1100.£33000.n.1.z01.¢.7 Alog(x)
Shares:

- Total sec.m.es.1000.f51100.m.1.eur.e.z Alog(xy)

- MFIs sec.m.es.1220.£51100.m.1.eur.e.z Alog(xy)

- Non-MFTI corporations sec.m.es.1610.f51100.m.1.eur.e.z Alog(x,

- NFC sec.m.es.1100.51100.m.1.eur.e.z Alog(xy

- OFIs sec.m.es.1235.£51100.m.1.eur.e.z Alog(xy)

- OFIs excl. pension funds sec.m.es.1230.£51100.m.1.eur.e.z Alog(xy)
Industrial survey:

- Production trend over recent months sur.m.es.s.ecfin.man001.tt Axy

- Assessment of order-book levels sur.m.es.s.ecfin.man002.tt Axy

- Assessment of export order-book levels sur.m.es.s.ecfin.man003.tt Axy

- Assessment of stocks of finished products sur.m.es.s.ecfin.man004.tt Axy

- Production expectations sur.m.es.s.ecfin.man005.tt Az,

- Price expectations sur.m.es.s.ecfin.man006.tt Axy

- Employment expectations sur.m.es.s.ecfin.man007.tt Axy

- Industrial confidence indicator sur.m.es.s.ecfin.man099.tt Axy
Consumer survey:

- Consumer confidence sur.m.es.s.ecfin.cns099.tt Az,

- Financial situation sur.m.es.s.ecfin.cns001.tt Az,

- Financial expectations sur.m.es.s.ecfin.cns002.tt Az,

- Economic situation sur.m.es.s.ecfin.cns003.tt Az,

- Economic expectations sur.m.es.s.ecfin.cns004.tt Axy

- Past inflation sur.m.es.s.ecfin.cns005.tt Axy

- Expected inflation sur.m.es.s.ecfin.cns006.tt Axy

- Unemployment expectations sur.m.es.s.ecfin.cns007.tt Axy

- Past major purchases sur.m.es.s.ecfin.cns008.tt Az,

- Expected major purchases sur.m.es.s.ecfin.cns009.tt Axy

- Expected savings sur.m.es.s.ecfin.cns011.tt Az,

- Financial situation of household sur.m.es.s.ecfin.cns012.tt Axy
Construction survey:

- Trend of activity sur.m.es.s.ecfin.con001.tt Axy

- Limits to production - none sur.m.es.s.ecfin.con02a.tt Axy

- Limits to production - insufficient demand sur.m.es.s.ecfin.con02b.tt Az,

- Limits to production - weather conditions sur.m.es.s.ecfin.con02c.tt Axy

- Limits to production - shortage lab. force sur.m.es.s.ecfin.con02d.tt Axy

- Limits to production - other factors sur.m.es.s.ecfin.con02f.tt Axy

- Limits to production - fin. constraints sur.m.es.s.ecfin.con02g.tt Axy

- Assessment of order books sur.m.es.s.ecfin.con003.tt Axy

- Employment expectations sur.m.es.s.ecfin.con004.tt Axy

- Price expectations sur.m.es.s.ecfin.con005.tt Axy

- Confidence sur.m.es.s.ecfin.con099.tt.tt Axy

Note: When required, non-seasonally adjusted series are seasonally adjusted using US Census Bureau’s X-12 ARIMA.
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Table 5: Macro-financial Series (3)

Description Mnemonic Transformation
Retail trade survey:

- Present business situation sur.m.es.s.ecfin.ret001.tt Axy

- Assessment of stocks sur.m.es.s.ecfin.ret002.tt Az,

- Orders placed with suppliers  sur.m.es.s.ecfin.ret003.tt Az,

- Expected business situation  sur.m.es.s.ecfin.ret004.tt Axy

- Employment expectation sur.m.es.s.ecfin.ret005.tt Axy

- Business confidence sur.m.es.s.ecfin.ret099.tt Az,
Real exports of goods esnixc@spain Alog(xy)
Real imports of goods esnimc@spain Alog(zy)
Export prices esnpfx@spain Alog(xy)
Import prices esnpfm@spain Alog(xy)
Terms of trade esnpfx@spain /esnpfm@spain Ty
Global trade (volume) s001ligxm@g10 Alog(zy)
Global trade (unit) s001iuxm@g10 Alog(zy)
Global export prices s001iux@g10 Alog(xy)
Global import prices s001ium@g10 Alog(zy)
Export competitiveness esnpfx@spain /s001iux@Qg10 Ty
Consumer Price Index icp.m.es.n.000000.4.inx Alog(zy)
Total bank lending esnfcitr@spain Alog(zy)
Car registrations - passenger cars sts.m.es.y.creg.pc0000.3.abs Alog(xy)
Stock Market Index www.bolsasymercados.es Alog(zy)
Nominal Effective Exchange Rate x184dnn@intwkly Ty
3-Months interbank rate ir3tibO0lesm156n Ty

Note: When required, non-seasonally adjusted series are seasonally adjusted using US Census Bu-
reau’s X-12 ARIMA.

BANCO DE ESPANA 51 DOCUMENTO DE TRABAJO N.° 2423



A.1.2 Government Finances Dataset

Table 6: Government Series

Description Mnemonic Transformation
Taxes under common regime esnfeta@spain Alog(xy)
Revenue cash basis deficit state resources and uses
according to the national accounts:

- Revenues esnfprev@spain Alog(zy)

- Expenditures esnfpexp@spain Alog(x;)
Marketable state debt esnfdh@spain Alog(xy)
Treasury bills esnfdb@spain Alog(zy)
Unstripped bonds esnfdhu@spain Alog(zy)
Regional government bonds esnfdob@spain Alog(xy)
Treasury bills outstanding by holder:

- MFIs excluding money market funds esofdbb@spain Alog(xy)

- Money market funds and other Fls esofdfb@spain Alog(zy)

- Nonfinancial corporations esofdcb@spain Alog(zy)

- Households and NPISHs esofdhb@spain Alog(xy)

- Rest of the world esofdab@spain Alog(zy)
Unstripped bonds and stripped principal by
holder:

- MFIs excluding money market funds esofdbfd@spain Alog(zy)

- Money market funds and other FIs esofdbod@spain Alog(xy)

- Nonfinancial corporations esofdbnd@spain Alog(xy)

- Households and NPISHs esofdhb@spain Alog(xy)

- Rest of the world esofdbwd@spain Alog(xy)
General government debt at different maturities:

- Short term debt esmflgss@spain Alog(xy)

- Long term debt esmflgsl@spain Alog(zy)

- Short term loans esmflgls@spain Alog(zy)

- Long term loans esmflgll@spain Alog(xy)
Interest rates on government bonds at different
maturities:

- 1 year interest rate gves03(cmO1) Ty

- 5 years interest rate gves03(cm05) T

- 10 years interest rate gves03(cm10) T
FTSE WGBI 1-3 years: bond return index esmflgss@spain Alog(xy)
FTSE WGBI +5 years: bond return index esmflgss@spain Alog(xy)
FTSE WGBI +10 years: bond return index esmflgss@spain Alog(zy)
FTSE WGBI all maturities: bond return index esmflgss@spain Alog(zy)
FTSE WGBI +5 years: debt market value esmflgss@spain Alog(xy)
FTSE WGBI +10 years: debt market value esmflgss@spain Alog(zy)
FTSE WGBI all maturities: debt market value esmflgss@spain Alog(zy)

Note: When required, non-seasonally adjusted series are seasonally adjusted using US Census Bureau’s

X-12 ARIMA.

A.1.3 VAR Data

The following monthly variables are used in the BVAR and T-BVAR exercises. The
sample is from May 1997 to December 2019. The starting and ending dates are dictated
by the availability of the sovereign uncertainty measure and the presence of the COVID-19
pandemic:

e Industrial Production is production of total industry (seasonally adjusted), obtained
from the OECD (retrieved from FRED). Mnemonic: ESPPROINDMISMEL
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Unemployment is total harmonized unemployment rate (seasonally adjusted), obtained
from the OECD (retrieved from FRED). Mnemonic: LRHUTTTTESM156S.

Price Level is the non-seasonally adjusted consumer price index (all items), obtained
from the OECD (retrieved from FRED). It is seasonally adjusted using US Census
Bureau’s X-12 ARIMA. Mnemonic: ESPCPIALLMINMEIL.

Bank loans is nominal non-seasonally adjusted bank lending to NFIs, obtained from
Datastream. Mnemonic: ESBANKLPA. It is seasonally adjusted using US Census Bu-
reau’s X-12 ARIMA. It is also divided by CPI to express it in real terms.

Long-term rate is defined as the return on the 10-years Spanish government bonds,
obtained from Datastream. Mnemonic: GVES03(CM10).

Government Debt is central government marketable debt, obtained from Haver Ana-
lytics. It is seasonally adjusted using US Census Bureau’s X-12 ARIMA. Mnemonic:
ESNFD@SPAIN.

Stock Market is the IBEX-35 market index extracted from www.bolsasymercados.es.

Confidence is overall consumer and industrial sentiments, obtained from the Statistical
Data Warehouse (ECB). Mnemonic: for consumer, sur.m.es.s.ecfin.cns099.tt and for
industrial, sur.m.es.s.ecfin.man099.tt.

Sovereign and Macro-financial Uncertainties are computed as explained in section 2.

For the matching estimation of the DSGE model, the following variables are employed in
the quarterly VAR:

Output is seasonally adjusted real GDP, obtained from Haver Analytics. Mnemonic:
S184NGPC@G10.

Consumption is seasonally adjusted real personal consumption expenditures, obtained
from Haver Analytics. Mnemonic: S1I84NCPCQG10.

Investment is seasonally adjusted real gross fixed capital formation, obtained from
Haver Analytics. Mnemonic: SI84NFC@G10.

Hours Worked is seasonally adjusted total hours worked (employment), obtained from
the SDW (ECB). Mnemonic: mna.q.y.es.w2.s1.slz.emp.z.t.z.hw.z.n.

Price Inflation is year-on-year growth rate of the seasonally adjusted GDP implicit
price deflator, obtained from Haver Analytics. Mnemonic: S1I84NGPJQG10.

The successive variables, which are also included in the quarterly VAR, are just the
quarterly aggregation of the previous monthly series: stock market index, government
debt, long-term interest rate on government bonds, bank loans, confidence, macro-

financial uncertainty and sovereign uncertainty.

A.1.4 Additional Data

Finally, some extra variables from which their respective business cycle statistics are
extracted for Table 2:

Nominal Interest Rate is the 3-months money market interest rate (EA11-19, AVG),
obtained from Haver Analytics. Mnemonic: I023MQEUDATA.
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e (Credit Spread is the credit risk indicator for non-financial corporations in Spain, ob-
tained from Gilchrist and Mojon (2018).

e Bond spread is defined as return on one year Spanish government bonds net re-
turn on one year German government bonds, obtained from Datastream. Mnemonic:

GVES03(CMO01) for Spain and GVBD03(CMO01) for Germany.

A.2 Substituting Bond Rates for Spreads and the Comparison
with 12-months ahead Sovereign Uncertainty

6 | | |

Sovereign Uncertainty - Benchmark
====:Sovereign Uncertainty - Spreads

| | | | | | | | | | |
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 11: Sovereign Uncertainty: Substituting Bond Rates for Spreads in the
Government Finances Dataset

Note: The solid line represents the benchmark SU index; the dash-dot line exhibits the SU indicator when
substituting government bond rates at different maturities for their spreads (with respect to Germany)
in the government finances dataset. Both measures are standardized.
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Figure 12: Sovereign Uncertainty at Different Forecast Horizons

Note: The solid-blue and dash-dot-black lines indicate the estimated 1-month and 12-months ahead

sovereign uncertainty, respectively. Both measures are standardized.
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A.3 Decomposition of SU: Prices vs. Quantities
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Figure 13: Sovereign Uncertainty: Prices vs. Quantities
Note: The solid line indicates the estimated sovereign uncertainty; the dash-dot line represents the price-

based component of sovereign uncertainty; and the dotted line exhibits the quantity-based component
of sovereign uncertainty. All measures are standardized.
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A.4 Comparison with EPU from Ghirelli et al. (2019)
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Figure 14: Sovereign Uncertainty, Macro-financial Uncertainty, and EPU
Note: The solid-blue line indicates the estimated sovereign uncertainty; the dash-dot-orange line repre-

sents the aggregate macro-financial uncertainty; and the dotted-yellow line exhibits the economic policy
uncertainty index from Ghirelli et al. (2019). All measures are standardized.
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A.5 VAR Robustness Checks and Additional Results

This section presents the complete figures of the robustness checks under both identifi-
cation strategies employed in the paper: recursive schemes (A.5.1) and a combination of
sign, event-based and ratio restrictions (A.5.2). It also documents the relevance of the
data-rich approach (A.5.3), the contribution of sovereign uncertainty shocks by perform-
ing a forecast error variance decomposition exercise (A.5.4), a historical decomposition
analysis to see how important any of the uncertainty indicators are in historical period
(A.5.5) and the series of estimated shocks under both identification techniques (A.5.6).

A.5.1 Recursive Identification
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Figure 15: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Including the Spread

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the spread, which are expressed in monthly
percentage points and annualized basis points (ABP), respectively.
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Figure 16: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
SU Ordered First

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 17: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Controlling for Macro-financial Uncertainty

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 18: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Controlling for Consumer Confidence

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 19: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Controlling for Industrial Confidence

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 20: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
VAR with 6 Lags

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 21: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
VAR with 12 Lags

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 22: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
All Recursive Robustness Checks

Note: Each entry shows the median responses (see Appendix A.5.1 for the complete set of IRFs with
their respective credible bands). All responses are in monthly percent deviations from trend, except for
the unemployment rate and the long-term rate, which are expressed in monthly percentage points and
annualized basis points (ABP), respectively.
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A.5.2 Sign, Event-based and Ratio Restrictions
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Figure 23: IRFs to One Standard Deviation Shock to Sovereign Uncertainty:
Baseline Identification and the Additional Constraint

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed
in monthly percentage points and annualized basis points (ABP), respectively. The blue line displays
the results under the baseline identification with sign, event-based and ratio restrictions. The gray line
exhibits the responses under the additional narrative: The MU shock is the most important contributor to

the unexpected changes observed in the MU index following the Lehman Brothers’ Collapse (September-
October 2008).
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Figure 24: IRFs to One Standard Deviation Shock to Sovereign Uncertainty.

Identification with Sign, Event-based and Ratio Restrictions: Adding the
Bailout of Bankia

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 25: IRFs to One Standard Deviation Shock to Sovereign Uncertainty.

Identification with Sign, Event-based and Ratio Restrictions: Adding the An-
nouncement of Austerity Measures in July 2012

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 26: IRFs to One Standard Deviation Shock to Sovereign Uncertainty.

Identification with Sign, Event-based and Ratio Restrictions: Controlling for
Industrial Confidence

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent
deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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Figure 27: IRFs to One Standard Deviation Shock to Sovereign Uncertainty.

Identification with Sign, Event-based and Ratio Restrictions: Controlling for
GEPU

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate and the long-term rate, which are expressed in
monthly percentage points and annualized basis points (ABP), respectively.
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A.5.3 Relevance of the Data-rich Approach
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Figure 28: Sovereign Uncertainty, Short-term Debt Uncertainty, and Long-

term Debt Uncertainty

Note: The solid line indicates the estimated sovereign uncertainty; the dash-dot line represents the short-
term debt uncertainty; and the dotted line exhibits the long-term debt uncertainty. All measures are

standardized.
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Figure 29: IRFs to One Standard Deviation Shock to Short-term Debt Un-

certainty

Note: Each entry shows the median and the 68% credible bands under the baseline recursive identification
scheme. All responses are in monthly percent deviations from trend, except for the unemployment rate
and the long-term rate, which are expressed in monthly percentage points and annualized basis points

(ABP), respectively.
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Figure 30: IRFs to One Standard Deviation Shock to Long-term Debt Uncer-
tainty

Note: Each entry shows the median and the 68% credible bands under the baseline recursive identification
scheme. All responses are in monthly percent deviations from trend, except for the unemployment rate

and the long-term rate, which are expressed in monthly percentage points and annualized basis points
(ABP), respectively.
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A.5.4 Forecast Error Variance Decomposition
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Figure 31: Decomposition of Variance

Note: Variance decomposition in selected variables due to sovereign uncertainty shocks under the baseline
identification with sign, event-based and ratio restrictions. Figures are expressed in percent for each VAR
forecast horizon (up to 10 years). Each entry shows the median and the 68% credible bands of the FEVD
distribution. The empirical sample is from May 1997 to December 2019.
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A.5.5 Historical Decomposition
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Figure 32: Historical Decomposition of Unemployment Rate
Note: Historical decomposition in selected variables due to SU and MU shocks under the baseline iden-

tification with sign, event-based and ratio restrictions. Figures are expressed in percent. The empirical
sample is from May 1997 to December 2019.
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Figure 33: Historical Decomposition of Industrial Production
Note: Historical decomposition in selected variables due to SU and MU shocks under the baseline iden-

tification with sign, event-based and ratio restrictions. Figures are expressed in percent. The empirical
sample is from May 1997 to December 2019.

BANCO DE ESPANA 76 DOCUMENTO DE TRABAJO N.° 2423



MU Shock

3 \ ]

ot o

I} I

0 0

At -lF

Qb 2r

3 11 1 1 I | 3 1 1 1 1 I 1 |
@"" \q@ WQQ\ %Q& »@“ %@5 W@*’ WQ@ ’\,Q\\ ﬂ/Q\“f w@” %Q\b w@*’ %Q\“ \q@“ i »QQ\ w@“’ %@“ W@b AVQQ% %Q@ %Q\\ »@“’ %Q\“ WQ\b ”?\00 ’\/Q\q

Figure 34: Historical Decomposition of CPI
Note: Historical decomposition in selected variables due to SU and MU shocks under the baseline iden-

tification with sign, event-based and ratio restrictions. Figures are expressed in percent. The empirical
sample is from May 1997 to December 2019.
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Figure 35: Historical Decomposition of Bank Loans
Note: Historical decomposition in selected variables due to SU and MU shocks under the baseline iden-

tification with sign, event-based and ratio restrictions. Figures are expressed in percent. The empirical
sample is from May 1997 to December 2019.
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Figure 36: Historical Decomposition of Government Debt

Note: Historical decomposition in selected variables due to SU and MU shocks under the baseline iden-
tification with sign, event-based and ratio restrictions. Figures are expressed in percent. The empirical
sample is from May 1997 to December 2019.
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A.5.6 Estimated Shocks Series

6 | |
e SU Index
i = === SU Shock - Recursive |
S SU Shock - Narrative
4+ |
i
i i
l Ll
2 P
- n [ L]
: i : ) 2 of
= . ||| ' g 5
N [ ] Tl L] T 3 [
118 F 'I i éi -ii § :i% !I i - §i é ﬁ - n i‘
HIENEN b T GoE A .|§ Bi o e G
vl gEd i E A ENE e ET L daENEnG AR Tt ga BENPMRL i
bR s AR pERE  pEoErchhes skl - o e, Ak
0 pug:ifass i ZPRE v N . Sage: ©Reth st il A A RS
R TR s FE 4 sf.?g
il BB (] Y i milia Ei# g0 f N
| K 1 ! i T B | :
1B 7 u P - iy k' i . ‘A1 g g
A R b R S
f [ g
| | I
2 | i .
| | | | | | | | !I

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 37: SU Index and SU Shocks

Note: The solid-blue line indicates the constructed SU index; the dash-dot-orange line represents the
estimated SU shocks under the recursive identification; and the dotted-yellow line exhibits the estimated
SU shocks under the identification with sign, event-based and ratio restrictions.
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Figure 38: MU Index and MU Shocks

Note: The solid-blue line indicates the constructed MU index; the dash-dot-orange line represents the
estimated MU shocks under the recursive identification; and the dotted-yellow line exhibits the estimated

MU shocks under the identification with sign, event-based and ratio restrictions.
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Figure 39: MU Index and MU Shocks: Additional Narrative

Note: The solid-blue line indicates the constructed MU index; the dash-dot-orange line represents the
estimated MU shocks under the recursive identification; and the dotted-yellow line exhibits the estimated
MU shocks under the variant of the baseline narrative identification: The MU shock is the most important
contributor to the unexpected changes observed in the MU index following the Lehman Brothers’ Collapse
(September-October 2008).

A.6 The (Non-linear) Transmission of SU Shocks
The Threshold VAR is defined as follows:

p p
Y = (01 + Z B1kYi—k + 61,t) X St + (02 + Z BokYi—k + 62,t) x (1=5), (51)

k=1 k=1
with
si={ g drasT o
and

€1t N(O, Ql) and €2t ™ N(O, Q2)7

where y; stands for the vector of endogenous variables, ¢; are constants in the respective
regimes, and ¢;; are Gaussian white noise shocks with covariance matrices Q;, Vj =
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1,2. Different from the linear VAR, coefficients ¢; and 5; are regimen-dependent. The
state prevailing in each period depends on whether the level of the threshold variable,
which in my case is represented by the change in the year-on-year unemployment rate,
is above or below a latent threshold level. This proxy, aimed at capturing recessions and
expansions, is consistent with previous empirical evidence that analyzes the non-linear
effects of uncertainty shocks.6

In this extended version, the conjugate Normal-inverse Wishart prior (for the VAR pa-
rameter vector in both regimes) is implemented via dummy observations (Banbura et al.,
2010). The prior means of the coefficients on the first lag are set to one for non-stationary
variables, and set to zero otherwise. The overall prior tightness is set to 0.10 and the
prior on the intercept to 0.01. For the latent threshold level, 7, it is assumed a normal
prior, and for the delay, d, a uniform prior with a maximum delay of nine months. While
the posterior distribution of the VAR parameter vector is known (conditional now on
the values of 7 and d), the posterior distributions of 7 and d conditional on the VAR
coefficients are unknown. Therefore, I employ the Gibbs (MCMC) sampler introduced
by Chen and Lee (1995) to simulate the posterior distribution of the model’s parameters
with 20,000 replications. I discard the first 15,000 iterations as burn-in and use the last
5,000 for inference.

The observables are sovereign uncertainty, bank lending, industrial production, unem-
ployment rate and macro-financial uncertainty. Again, I use Spanish monthly data in
log-levels for all variables except those expressed in rates (see Appendix A.1.3 for data
description). The sample is from May 1997 to December 2019 and the model features
nine lags. The reason for this reduced system is as follows. First, a non-linear VAR model
is particularly rich in terms of coefficients to be estimated and thus requires the inclusion
of a smaller set of indicators, especially if I have already selected nine lags. Moreover, as [
have previously shown in the main text, the dynamics for the main indicators of interest
— bank lending, industrial production and unemployment rate — were highly robust af-
ter a large battery of checks. In other words, the inclusion or exclusion of other economic
aggregates in the vector of observables did not change their particular conclusions.

Following Koop et al. (1996), I compute the generalized impulse response functions
(GIRFs) as the difference between two conditional expectations since the TVAR is non-
linear:

GIRF; = E[?Jt+h|§, @t—1] - E[yt+h|@t—1]7 (53)

where h is the considered horizon, £ is the size of the shock and ©;_; is a set of initial
conditions which is formed by the parameters of the model. For each history, I compute
500 time paths of length h. Then, I average the GIRFs over all histories in each regime.*

Figure 40 shows the two different regimes that the model endogenously identifies by
using the inverse of the unemployment rate as a threshold. Dashed-grey areas indicate
the estimated bust regimes (proxied by high unemployment rates). Hence, by definition,
recessions (expansions) occur when the level of the threshold variable is below (above) the
latent threshold level. It is worth noting that estimated recessions are almost identical to
the ones considered by the Spanish Business Cycle Dating Committee and the Economic

46Given that the Gross Value Added of the service sector is relatively high in the Spanish economy, I

have employed the unemployment rate as a threshold variable.
47"The model can switch across the endogenous states conditional on the sign and the size of the shock.
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Cycle Research Institute (ECRI) during the twin global financial crisis and eurozone debt
crisis. Moreover, the threshold variable also determines the span 2002-2003 as a short
episode of economic slowdown. While this limited period is not dated by the previous
institutions, it is reflected in the Spanish EPU index as a high uncertainty event.

_10 | | | | | | |
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Figure 40: Threshold Dynamics

Note: Dashed-grey areas indicate the estimated bust regimes.

Next, Figure 41 plots the generalized impulse response functions (GIRFSs) to a one stan-
dard deviation shock to sovereign uncertainty in the Threshold VAR model.*® On the
one hand, we can observe that following a shock to SU during recessions, industrial pro-
duction decreases on impact by around —0.2% and reaches a value of —0.75% after one
years. On the other hand, when the economy is in normal times, industrial production
goes down only as time passes and hits the bottom with a value of —0.5%. The same
analysis applies to the unemployment rate, i.e., the impact is larger in bad times but still
substantial in good times.

48The GIRFs are built on draws from the joint distribution of the structural shocks as in Kilian and
Vigfusson (2011). In this case, I only claim that I identify one structural shock based on a Cholesky
recursion: a sovereign uncertainty shock. The innovations associated with the remaining endogenous
variables of the model are left without interpretation.
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Figure 41: GIRFs to One Standard Deviation Shock to Sovereign Uncertainty

Note: Each entry shows the median and the 68% credible bands. All responses are in monthly percent

deviations from trend, except for the unemployment rate, which is expressed in monthly percentage
points.
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B Theoretical Section

B.1 Quarterly IRFs for Moment Matching
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Figure 42: Quarterly IRFs to One Standard Deviation Shock to Sovereign
Uncertainty

Note: Each entry shows the median and the 68% credible bands. All responses are in quarterly percent
deviations from trend, except for inflation and the long-term rate, which are expressed in quarterly
percentage points and annualized basis points (ABP), respectively.

BANCO DE ESPANA 86 DOCUMENTO DE TRABAJO N.° 2423



B.2 Monetary Policy Decisions without Direct Influence from SU
Shocks and Higher Bank’s Leverage Ratio
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Figure 43: Quarterly IRFs to One Standard Deviation Shock to Sovereign Un-
certainty: without SU Shocks in the Taylor Rule and Higher Bank’s Leverage

Ratio

Note: All responses are in quarterly percent deviations from the stochastic steady state, except for
inflation and the nominal interest rate, which are expressed in quarterly percentage points and annualized
basis points (ABP), respectively. For this exercise, I set £q,, = 0, A = 0.25 and 6 = 0.96.
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B.3 Higher Risk Aversion and the Role of the Elasticity of In-
tertemporal Substitution

Figure 44 compares SU and MU shocks when households exhibit higher risk aversion (from
o = 5 to o = 25). Similar to the experiment concerning the role of nominal rigidities,

different values of risk aversion appear to have a more significant impact in the case of
MU shocks than for SU shocks.
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Figure 44: Quarterly IRFs to One Standard Deviation Shock to SU and MU:
Higher Risk Aversion

Note: All responses are in quarterly percent deviations from the stochastic steady state, except for
inflation and the nominal interest rate, which are expressed in quarterly percentage points and annualized
basis points (ABP), respectively.

When uncertainty arises from the real sector — involving second-moment shocks to TFP
or household preferences as in Basu and Bundick (2017) — higher risk aversion imme-
diately affects labour supply and private consumption decisions (see Appendix D.5 in
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Basu and Bundick, 2017). However, uncertainty originating from public finances directly
impacts banks’ portfolios and is transmitted to the real economy afterward, making the
relevance of risk aversion more limited. Consequently, the precautionary labor supply
by households after a SU shock mainly depends on the quantity of risk, i.e., the size
of the shock. In Cesa-Bianchi and Fernandez-Corugedo (2018), one of their measures of
uncertainty is associated with a higher probability of entrepreneurial bankruptcy, and the
amplification effect stemming from risk aversion is relatively small (and only on impact).

Finally, results regarding higher EIS are displayed in Figure 45 (from ¢ = 0.5 to ¢ =
0.95). As observed, a higher EIS is associated with larger effects on the macroeconomy,
particularly for bank loans and investment. In this case, the additional impact aligns with
the findings in Born and Pfeifer (2014) and Basu and Bundick (2017).

Output Consumption Investment Hours Worked
- 0.1
"E-O.'] 0.1 - -— /
g L P s -0.2 Ve
o -0.2
s 7 Vs
Q02 -, 0.3
0.3
0.4
0.3 04 ~ N
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Bank Loans Inflation Nominal Rate (ABP) Price of Capital
5 -
0 ...............................
| Qfrrrre gl
< 0.05
8
5 -0.1 -5
o
- 0.15 -10
-0.2

5 10 15 20 25

5 10 15 20 25

Net Worth E(Rk - R)
- 04\ 03N
= :
Q
o \ 02 \}
[0
o 0.2
A3 0.1 N\
2
-20 0 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Sov. Uncertainty

0.4

03

c

[0} s Benchmark

©0.2 "

[0} == = Higher EIS
o

0.1

5 10 15 20 25
Quarters
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Note: All responses are in quarterly percent deviations from the stochastic steady state, except for
inflation and the nominal interest rate, which are expressed in quarterly percentage points and annualized

basis points (ABP), respectively.
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B.4 Structural VARs on Simulated Data from the DSGE Model

I simulate the DSGE model and estimate SVARs using the simulated data. The empirical
strategy is based on the one presented in Section 4.3 for four reasons: i) the time period
in the theoretical model corresponds to one-quarter; i) several variables in the DSGE
model are only expressed in quarterly terms (GDP, consumption and investment); iii) its
recursive setup permits clear isolation of the economic mechanisms driving the propaga-
tion of SU and MU shocks, which makes the DSGE and SVAR models more comparable;
and iv) the timing of the narrative restrictions is on a monthly basis, and consequently,
justifying the episodes in quarterly terms becomes more challenging.

Specifically, I follow Basu and Bundick (2017) and run 10,000 SVARs, each estimated
using the simulated data from the theoretical model. Figure 46 and Figure 47 depict the
median [RFs along with the probability interval, versus the true responses from the DSGE
model. It is worth noting that, given this specific strategy to construct the responses, the
frequentist interval is 95% instead of the standard 68% Bayesian credible bands reported
previously.
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Figure 46: Computing Structural VARs on Simulated Data from the DSGE
Model: SU shocks

Note: All responses are in quarterly percent deviations from the stochastic steady state.
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As observed, the empirical methodology broadly succeeds in capturing the true IRFs from
the theoretical model, especially in the aftermath of a SU shock. As explained in the main
text, MU shocks are less persistent and require more volatility compared to SU shocks.
However, this more volatile shock process implies excessive unconditional volatility in the
economic aggregates. Lastly, the average correlation is 0.85 (0.74) between the true SU
(MU) shocks, ogp+ (04:), and the identified SU (MU) shocks from each structural VAR.
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Figure 47: Computing Structural VARs on Simulated Data from the DSGE
Model: MU shocks

Note: All responses are in quarterly percent deviations from the stochastic steady state.
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